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Synthesis  of  the  immune-specific,  polypeptide-like  hapten  of  the 
anthrax- subtili s  bacilli  group.  A  synthetic  proof  of  the  constitution  of 
natural  polyglutamic  acids. 


by  T.  Bruckner,  K.  Kajtar,  J.  Kovacs,  H.  Nagy  and  J.  Wein 

From  the  Organic  Chemical  Institute  of  Eotvos  University,  Budapest. 

Tetrahedron,  1958,  vol.  2,  pp.  211-240,  Pergamon  Press  Ltd.,  London 


Statement  of  Problem. 

Some  time  ago  Ivanovies  and  Bruckner  (1)  reported  on  the  isolation  of 
the  immune-specific  substance  of  the  anthrax  bacillus  capsule  and  have 
shown  that  this  substance  represents  a  biuret-negative  polypeptide  which  pro¬ 
duces  a  high  yield  of  D(.-)glutamic  add-hydro  chloride  upon  hydrolysis  with 
hydrochloric  acid.  Simultaneously  it  was  discovered  that  various  gram  posi¬ 
tive,  aerobic,  aesophiiic  spore  carriers  (for  example,  B.  subt-ilis,  previously 
called  B.  aesentericus)  excrete  a  substance  in  their  nutrients  which  is  easily 
isolated}  it  seemed  to  be  identical  with  the  specific  capsule  substance  of 
anthrax  bacilli  (B*  anthrads).  Hereafter  these  two  polypeptides  will  be 
referred  to  as  anthrax-polypeptide  (APP)  and  subtilis-polypeptide  (SPP). 

Later  tests  (2,3)  have  positively  proven  that  both  polypeptides  are 

constructed  of  glutamic  add  residues  only,  i.e.  they  represent  monotonous 

\ 

_  -v, 

polypeptides,  as  had  been  suspected  following  first  examination  (1,4)  •  '  It 
has  been  proved  that  APP  possesses  a  D-configurative  uniformity  (3,5)  (con-  , 
sequently  it  is  an  optically  purs  poly-D-glutami c  acid),  while  SPP,  which 
can  be  isolated  from  the  nutrient  medium  of  B.  subtilis  grown  in  accordance 
with  the  original  method  (1),  seems  to  contain  about  85£  D-isomeric  and  15^ 
L-isomeric  glutamic  add  residues  (5)»  Recently  it  has  even  been  discovered 
that  the  proportion  of  D  and  L-isoaeric  components  of  .SPP  is  strongly  de- 


pendent  on  the  aetisod  of  cultivation  of  an  identical  strain  of  B.  subtilis, 
so  that  the  incorporated  L-glutamic  acid  residues  may  in  some  cases  amount 
to  80j£.  However,  SPP  preparations  whose  content  of  L-glutairic  acid  residues 
is  strongly  in  excess  of1 15—20/5  have  not  yet  been  tested  serologically.  On 
the  other  hand,  it  has  been  discovered  that  SPP  obtainable  by  means  of  the 
original  method  (1)  shows  as  marked  a  serologic  reaction  as  APP:  Solutions 
of  both  polypeptides  show  a  precipitating  reaction  (1)  with  anti-anthrax 
immune  sera  down  to  a  dilution  of  3.2  X  10^.  According  to  immune-biologic 
tests  APP  as  well  as  SPP  (obtainable  by  means  of  the  original  method  (1)  are 
to  be  considered  imune-spacific  haptens  (semi-antigens)  of  the  anthrax- 
subtilis  bacilli  group. 

It  was  inferrible  from  the  results  of  a  specific  degradation  to  which 
APP  and  SPP  were  subjected  that  both  polypeptides  constitute  gamma-poly- 
glutamic  acids  (m)  (7)«  The  reliability’  of  this  conclusion  was  first  proved 
indirectly  by  the  analogous  degradation  of  synthetically  prepared  alpha-poly— 
L-glutamLc  acid— gamma— me thylester  and  its  D— antipode;  alpha —gamma— dl amj ry> 
butyric  acid  (in  the  fora  of  its  diflaviaoate),  which  is  the  degradation 
product  characteristic  of  the  alpha-glutamyl  bond,  could  be  obtained,  while 
beta-formyl  propionic  acid,  the  characteristic  degradation  product  of  the 
gamma -glutamyl  bond,  could  be  proved  neither  preparatively  (for  example  a3 
p-nitrophenyl  hydra  zone)  nor  chromatograph!  cally  (8,9).  Recently  a  direct 
proof  of  the  usefulness  of  constitution-determining  degradation  was  estab¬ 
lished,  and  this  by  means  of  the  synthetically  accessible  (10)  alpha  gamma- 
poly-L-glutamic  acid  methyls ster,  which  is  distinguished  by  constant  altern¬ 
ation  of  alpha  and  ganse-glutamyl  linkage  in  its  peptide  chain.  In  this  case 
both  of  the  expected  degradation  products  were  actually  obtained  preparatively. 


It  was  decisive  in  constitution-determination  or  APP  and  SPP  that  the 
synthetic  alpha-poly-gLutamic  adds  b*  characteristically  different  from  aPP 

or  SPP,  not  only  by  virtue  of  the  result  of  the  specific  degradation,  but 

* 

also  in  respect  to  their  properties  (i.e.  very  poor  solubility  in  water, 
positive  biuret  reaction,  r&cemization  in  alkaline  solution,  no  serologic 
reaction).  This  refutes  the  report  of  Hanby  et  al  (3,11)  that  APP  contained 
predominantly  alpha-glutamyl  bonds  (and  that  the  APP  originally  isolated  (1) 
contained  these  exclusively).  (12,13) 

After  first  searching  for  the  most  suitable  way  in  the  L-series,  the 
final  step  in  constitutional  proof  has  now  been  conducted:  The  synthesis  of 
APP,  i.e.  of  gauna-poly-D-glutamic  acid  (Hlb).  Simultaneously  with  the  last 
mentioned  preparations  and  independently  of  ue,  Waley  (14)  also  has  accomp¬ 
lished  the  synthesis  of  gamna-poly-L-glutamic  add  (Ilia).  Vla'ley  used  the 
same  dipeptide  derivative  as  key  substance  for  the  3ynthesi3  as  we  did  (see 
below:  L-L-start  dipeptide;  la);  furthermore,  essentially  the  same  direction 
was  taken  in  synthesising  the  latter.  Beside  the  gamma-poly-gLutaur*  c  acid  of 
the  D  and  L  series  we  have  also  synthesized  gamma-poly-(gamm-L-glutarnyl-D- 
glutamio  add) (Hie).  This  type  of  stereo-isomeric  gamma-poly-glutamic  acid, 
which  can  simply  be  called  masoid  gamma-poly-glutamic  acid  (IUc),  is  dis¬ 
tinguished  by  the  fact  that  L  and  D-ganana-gLutamyl  residues  constantly  altera 
ate  in  its  peptide  chain.  This  product  was  meant  espedally  for  comparison 

■v 

with  SPP. 

\  General  plan  of  the  syntheses. 

< 

The  synthesis  of  above-ewntionecKthree  stereo-isomeric  gamma-poly- 
glutamic  adds  were  phased  as  follows.  At  first  the  gamma-glutamyl-glutamic- 
add-alpha  alpha,*^diaethyleBt«r^(l-)  of  the  corresponding  steric  series  wa3 
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synthesized^  .tjiese^three'  stereo-iso  aerie  dipeptide  derivatives  are  designated 
below  as  L-L-start  dipeptide  (la),  D-D-start  dipeptide  (lb)  and  L-D-3tart 


3eptide^(X 


dipeptide  (Ic),  respectively.  Then  the  bi functional  start  dipeptides,  by 
means  of  a  previous  activation  of  their  carboxyl  group  or  amino  group,  were 
subjected  to  intermolecular  polya cylation^  'which  led  to  formation  of  gamma- 
poly-glutamic  acid-alpha -methyls ster  (II).  This  conversion  was  acconplished 
in  as  concentrated  a  solution  as  possible,  in  order  to  minimize  the  possibility 
of  formation  of  cydopeptidea.  From  the  structural  viewpoint  it  could  be 
assumed  that  in  the  polyester  the  terainal^iarboxyl  or  amino  group  is  still 
existant  in  its  activated  fora  (ef.  for  example  the  formulas  XVI,  XXI  and  XXX), 
however,  in  the  course  of  production  of /free  poly  acids  from  corresponding 
polyesters  such  groups  are  again  converged  to  free  carboxyl  or  amino  groups. 

In  tho  production  of  free  polyacid  (HI)  The  polyester  was  subjected  to  alka- 
11ns  saponification,  then  the  polyacid  was  separated  first  in  form  of  its 
difficultly  soluble  copperpT)salt,  liberated  from  the  latter  by  hydrogen 
sulphide,  purified  by  means  of  dialysis  and  thus  freed  of  lower  oligopeptides, 
and  finally  produced  from  the  solution  by  freeze  drying. '  It  should  be 
mentioned  that  polyesters  in  dimethyl-foraamide  solution  associate  strongly 
with  this  solvent,  and  are  water  soluble;  this  fact  made  possible  the  inter¬ 
polation  of  an  aqueous  dialysis  in  connection  with  the  polyester. 

Synthesis  of  the  stereo-isomeric  start  dipeptides. 

* 

We  (12)  have  already  given  a  full  account  (as  has  been  done  independently 
by  Waley  (14)  of  the  synthesis  of  the  L-L-start  dipeptide,  i.e.  the  gamma-L- 
glutamyl-L-glutaaic  acid-alpha  alpha* -dimethyls ster  (la).  A  few  differing 
observations  are  gLven/by  way  of  the  analogous  synthesis  of  the  D-D-start 
•  dipeptide  (lb). 


The  synthesis  of  the  D-D-start  dipeptide,  i.e.  of  the  ganma-D-giutamyi«* 
D-glutamic  acid-alpha  alpha1 -dime thyle star  (lb),  which  was  conducted  in  exact  ‘ ' 
imitation  of  the  synthesis  of  the  L-L- start  dipeptide  (la),  took  the  follow¬ 
ing  course.  Carbobenzoxy-D-glutardc  acid-gaoaa-hydrazide  (IV)  was  coupled 
via  ( non-iso lated)  azide  (V)  with  D-glutamic  acid-gamma-benzylester  (VI)  to 
carbob  an zojqr-gaaraa-D-glutamyl-D-glut ami c  acid-ganssa  »  -benzylester  (VII)  .  The 
directly  resulting  crystalline  product  was,  according  to  expectations,  con¬ 
taminated  with  a  little  carbobenzoxy-alpha-D-glutayl-D-glutamic  acid-gamma '- 
benzylester  (IX),  which  could  not  be  completely  removed  even  by  repeated 
recrystallization.  This  result,  which  naturally  also  applies  to  the  totally- 
identically  synthesized  L-L-product  VII  is  in  conflict  with  the  observations 
made  by  lfeley,  who  reported  that  upon  reaction  of  L-add  azide  V  with  the  L- 
benzylester  VI  to  form  the  derivative  VII  of  the  L-L- start  dipeptide,  the 
otructure-iso merle  L-L-derlvative  IX  does  not  result  simultaneously,  or  that 
it  is  not  contained  in  the  crystalline  reaction  product.  In  spite  of  the 
light  contamination  of  product  VII  the  synthesis  was  continued  successfully. 

The  next  step  was  the  coversion  of  product  VII  (in  methanol  solution)  with 

diazomethane  to  carbober zoxy-gamna-D-glutanyl-D-glutaai c  acid-alpha  alpha*- 

« 

dimethyl-gamma '  -benzylester  (VEU),  which  was  obtained  directly  in  crystalline 
fora  and  which  could  very  easily  be  recrystallized  from  methanol,  whereby  the 
conversion  product  of  the  structure-isomeric  exponents,  carbobenzoxy-alpha- 
D-glutaoyl-D-glutaarLc  tcid-gamma  alpha* -dimethyl-gamma* -benzylester  (X), 
remained  almost  completely  in  the  mother  liquors.  The  hydro genolysi s  (Pd- 
animal  charcoal,  methanol)  of  derivative  VXH  finally  produced  gasma-D-glnfcamyl- 
D-glutan&c  acid-alpha  alpha '-dimethylester,  i.e.  the  D-D-start  dipeptide  (Xb), 
whose  paper  chromatographic  analysis  showed  that  the  admixture  of  structure- 
isomeric  compound  XI  amounted'  to  a  naxiaum  of  0.5£.  The  crystalline  L-L-start 
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dipeptide  (la)  contain#  1  stole  of  crystal  water  (12),  as  also  found  by  Waley 
(14) .  We  have  determined,  contrary  to  Waley,  that  the  crystal  water  cannot 
be  removed  by  ordinary  drying  (except  perhaps  in  the  vacuum  pistol  at  a 
moderate  temperature)  without  secondary  transformation.  Of  course  this  also 
applies  to  the  D-D-start  dipeptide  (lb). 

Ey  the  method  described  above  the  L-D-start  dipeptide  also  was  synthe¬ 
sised,  i.e.  gacma-L-glutaayl-D-glutamic  acid-alpha  alpha 1 -dimethylester  (Ic)  j 
the  first  step  consisted  of  converting  the  L-aside  (V),  which  had  been  freshly 
prepared  from  carbobmzoxy-L-gLutamic  acid-gamma-hydrazide  (IV),' by  means  of 
D-glutandc  acid-garsma-banaylestsr  (VI )  into  carbobenzoxy-gaama-L-gLutanyl-D-- 
glutamic  acid-gama •  -benzylester  (VII).  Again  all.,  intermediate  products,  with 
the  exception  of  L-azide  (V)  which  was  not  isolated,  proved  to  be  well- 
crystallizing  compounds. 

,  Conversion  of  tha  stereo-isomeric  start  dipeptides  into  gamma-poly- 
ghitandc  acid-alpha-methylesters  (n),  the  corresponding  stereo-isomeric  forms. 

Following  conversion  of  the  carboxyl  or  amino  group  into  a  reactive  group, 
the  interaolecular  polyacylation  of  the  bifUnctional  st-art  dipeptide  (I)  could 
be'  accomplished  easily,  leading  to  the  polyester  (II) .  This  activation,  which 
in  this  case  happened  simultaneously  with  the  intermole cular  conversion,  took 
place  in  four  different  way#  (method  1-4)  in  respect  to  the  L-L-start  dipeptide 
(la).  In  connection  with  the  more  costly  D-D-start  dipeptide  (lb)  and  the 
L-B-start  dipeptide  (Ic)  only  two  and  one  method,  respectively,  were  used 
(methods  2  and  4,  and  method  2,  respectively). 

(1)  The  first  method  represents  a  commensurate  alteration  of  a  process 
which  has  already  been  stated:  At  first  carbobexizoxy-gaiama-L-glutamyl-L- 
glutamic  acid-alpha  alpha* -dimethylester  (XU)  was  produced  from  the  L-L-start 
di peptide  (la),  then  according  to  Boissonnas*  method,  converted  to  the  mixed 
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ester  anhydride  XJ.II  by  reacting  with  chloro formic  acid-ethylester  in  ice  cold 
dimethyl  formami.de  solution  in  the  presence  of  1  mole  of  triethylamine.  The 
mixed  ester  anhyclride,  while  in  its  ice  cold  solution,  was  subjected  to  hydro- 
genolysis  following  addition  of  Pd-animal  charcoal.  This  process  was  not 
effected  in  a  closed  container,  for  reasons  which  have  already  been  discussed 
elrevhere  (12),  but  was  conducted  with  a  current  of  hydrogen.  The  yield  of 
CO2,  which  was  determined  in  the  escaping  gas,  did  not  cease  at  1  mole,  a 
sign  of  the  fact  that  under  the  prevailing  test  conditions  there  occurs  not 
only  hydrogenolysis  of  the  carbobenzoxy  group  (XIII— >XTV — >XV ) ,  but  also 
marks  the  start  of  intermolecular  polyacylation  of  the  resulting  hi  functional 
derivative  XV  (XV — >XVI) .  In  order  to  further  the  latter  process,  and  after 
the  yield  of  (X>2  (totaling  1.36  mole)  had  practically  ceased,  the  reaction 
mixture  was  mildly  warned  (60°C)  following  addition  of  1  mole  of  triethylamine 
It  is  to  be  assumed  that  the  nixed  anhydride  XV  is  able  to  transfer  not  only 
the  acyl  group  of  the  L-L-start  dipeptide  (H^N-A-CQ-)  to  an  amino  group,  but 
also  —  If  In  scalier  proportion  —  its  carbethoxy  group.  In  the  latter  case, 
however,  the  intermolecular  polyacylation  stops,  since  the  N-carbethoxy  group 
cannot  he  hydrogeaolysed.  Although  this  premature  cessation  of  intermolecular 
polyacylation  cannot  be  avoided,  the  test  results  nevertheless  show  that  the 
polydisperse  conversion  product  XVI  also  contains  components  of  relatively 
high  molecular  weight. 

Taking  into  consideration  the  observation  of  Boissannas  and  Schumcn  (17), 
that  the  formation  of  ester  anhydride  from  a  carboxylic  acid  anion  and  chloro- 
foraic  acid  ester  is  not  essentially  hampered  by  the  simultaneous  presence  of 
free  amino  groups,  the  aforementioned  procedure  could  now  be  simplified,  in 
that  the  temporary  blocking  of  the  amino  group  of  the  L-L-start  dipeptide 
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(la— >xn)  for  the  purpose  of  production  of  the  mixed  esteric  hydride  XV 
.  could  be  dispensed  with.  The  formation  of  the  polyester  XVI  also  occurs  when 
an  ice  cold  solution  of  dimethyl-formamide.  of  the  L-L-start  dipeptide  (la)  is 
first  treated  with  1  mole  of  triethylamine  and  1  mole  of  chloroformic  add- 
ethylester*  (la-XV)  and  then,  following  admixture  of  a  second  mole  of  triethyl- 
amine,  is  mildly  warmed  (XV-XVI).  It  should  be  noted  that  the  polyester  was 
obtained  in  water  soluble  fora,  following  evaporation  of  the  solvent,  and 
therefore  can  be  dialysed  against  water.  In  order  to  minimise  the  possibility 
of  N-carbalkoxylation  during  the  second  reaction  phase,  another  test  utilized 
isopropylester  (18)  instead  of  chlorofcrmic  acid-ethylester;  simultaneously 
and  prior  to  the  reaction  the  dimethyl-formamide  solution  of  the  L-L-start 
dipeptide  (Ic)  was  dehydrated  by  means  of  azeotropic  dietillation  with  toluene. 
Here,  too,  the  formation  of  the  polyester  (XVII)  progressed  smoothly;  however, 
the  increase  in  yield  was  negligible  (43.5&,  against  38.5&  of  the  theoretical 
yield) .  It  was  found,  however,  that  free  poly  acid  purified  by  dialysis  could 
be  obtained  in  a  better  yield  from  this  polyester  (see  table  2),  a  sign  of  a 
larger  fraction  of  higher  molecular  components  in  this  polyester. 

(2)  The  second  method,  utilizing  Wieland  and  Bernhard's  (19)  peptide  and 
polypeptide  synthesis,  was  applied  to  all  three  stereo-isomeric  start  dipep¬ 
tides.  Accordingly  the  carbobenzoxy  derivative  of  the  L-L-,  D-D-  or  L-D-start 

y  xrx 

dipeptide  (XII  from  la,  lb  or  Ic)  was  converted  via  the  mixed  anhydride^ with 
-  thiophenol  to  thiophenylester  XVHI,  and  from  it  the  hydrobromide  of  the  start 
dipeptide-thiephenylester  (HX)  was  formed  by  means  of  glacial  acetic  acid- 
hydrogen  bromide.  When  its  amino  group  is  liberated  in  acetone  solution  by 
means  of  triethylamine,  then  the  resulting  primary  product  XX  is  subjected  to 
intermolecular  polyacylation,  leading  to  the  polyester  XXI,  a  process  that 
can  be  furthered  by  waning  (see  formula  on  page  217). 


(2)  The  third  method  is  based  on  processes  first  used  by  Sheehan  and 
Hess  (21)  in  the  synthesis  of  di-  and  tripeptides.  As  is  known,  a  dipeptide 
can  be  produced  by  this  method  in  such  a  way  that  an  amino  acid  with  a  pro- 
tected  (for  example,  acylated)  amino  group  XXII)  and  an  amino-acid  ester  (XXIII) 
can  be  condensed  by  means  of  dicyclohayyicarbodiind.de  (XXIV).  The  reaction 
takes  place  at  room  temperature,  whereby  the  byproduct  dipyclohexylurea  (XXVI) 
results,  in  addition  to  the  dipeptide  derivative  XXV.  (See  formula  on  page  213) 

The  mechanics  of  the  condensing  effect  of  dicyclohexylcarbodiimide  (and  - 
other  carbodiinddes)  was  explained  by  Khorana  (22).  We  are  dealing  with  the 
activation  of  the  carboxyl  group,  the  first  phase  of  which  consists  of.  the 
following:  The  reaction  components  with  a  free  carboxyl  group  take  on  carbo- 
diiad.de,  whereby  the  O-acylated  iso-urea  derivative  (XXVIJa)  ;s  formed,  which 
is  inherently  able  to  transfer  its  acyl  group  to  amino  groups.  It  was  con¬ 
cluded  that  this  method,  which  could  serve  in  the  development  of  a  single 
peptide  bond,  could  also  be  used  in  poly-autocondensation  of  the  bi functional 
start  dipeptide  (I),  provided  the  free  amino  group  —  in  spite  of  its  nucleo¬ 
philic  nitrogen  atom  —  does  not  decisively  prevent  the  formation  of  the 
reactive  intermediate  product  (XXVHb).  Such  a  competitive  reaction  would  lead 
to  the  formation  of  a  guanidine  derivative  (XXVIII),  idxich  ie  probably  stable, 
and  thuB  would  bring  about  a  termination  of  the  int araole eular  polyacylation 
process. 

Model  tests  with  dicyclohsxylcarbodiicd.de  and  various  primary  amines  have 
shown  that  formation  of  guanidine  derivatives  is  impossible  under  the  test 
conditions  used  in  connection  with  poly-auto  condensation  of  the  start  dipeptide 
(I).  This  is  confirmed  by  tests  with  the  L-L»  atd  D-D-start  dipeptide  (la  and 
.  Ib):  If  dicyclehaxylcarbo diind.de  (XXIV)  is  dissolved  in  the  dimethyl-foraamLde 
solution  of  the  start  dipeptide  (I),  the  result  after  a  few  minutes,  even  at 


room  temperature,  is  the  crystalline  precipitation .«?  dicyclohs^lnrea  (XXVI} 
4s  a  siga  of  po3y-*utes»s«isnsaiion  (see  for&Oa  on  page  21S),  The  filtrate 
contained  the  gaaaa-po3^£4glufc&aic  scidodphaHhethylestsr  (13a.)  or  .the.  gasaa» 
pbly-D-gluiasic  fedd-al^lja-ssethylearcer  (Hb)>  respectively,  viiich  could  he 
transformed  into  the  respect! ve  polyacid.  \ 

'  It  should  de  noted  here  that  the  cerhodiimide  aethod  for  production  of 
monotonous  polypeptides  was  tested  for  the  first  time  daring  syntheois  of 
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alpha  gaama-^ly-glutaaiic  acid.  (10)'.  -  ^  .  '  '  - 

(4)  ^ha  fourth  method-  van  developed  frOa  the  polypeptide  synthesis  of 
Noguchi'  aM  Kayakawa  (S3)*  According  to.  the  original  process  of  the  Japanese 
scientists,  an  oligopeptide  eater  is  fires  transformed  to  N-carbotbiophenyl 
derivative  by  Aeans  of  chlorothiofonaic  acid-phenylest^  (CICOSC^IL);  theS  the 
ester  group  is  subjected  to  acid  saponification,  and  finally  the  bencene-  * 
pyridine  solution  of  N-carbothiophenyl  oligopeptide  (XHX)  is  rawn ed3  whereby 
the  polypeptide  (XXX)  is  formed  with  separation  of  carbon  dioxyde  and  thio- 
phenol.  As  is  known*  we  are  dealing  here  with  the  activation  of  the  amind- 
group;  ths  process  which  leads  to  the  polypeptide  can  be  formulated  thus; 

(see  fcKmila  on  page  219).  ;  '  r 

Formally,  a  polypeptide  is  formed  here,  Wiose  (terminal)  amino  group 
ocvfixa  in  carbothiophenylised  fora;  however,  such,  groups  can  bo  readily  re¬ 
generated  to  free  amino  groups  even  by  a  mildly  alkaline  hydrolysis. 

Preliminary  tests  shoved  that  there  is  also  a  carboxyl  group  Which  can  bo 
’•activated*’  with  chloro thiof  orad c  acidophenylester  in  the  presence  of  tri- 
ethylamino,  whereby  the  first  result  should  i>e  a  mixed  anhydride  of  the  type 
X&ZI.  It  was  therefore  to  bs  Ejected  that  Noguchi’s  arid  Hayakaua * s. method 
oould  be  epplled  directly  . to  the  start  dipeptidw  with  chlorofchioforaU  acid 
pheryleatey  in  .the  prsosnes  cf  trlethylsain*,  there  may  result,  aside  from  the 
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tf-oarbothiophenyl  start  di peptide  (BOX;  A  as  in  XVHl),  the  mixed,  anhydride 
XXXII,  which  would  be  capable  of  interaoleeular  poiyacylation,  just  as  the  N- 
carbothicphenyl  start  dipeptide  (jCHX).  Tests  with  the  L-L-start  dipeptide 
(la)  showed  the  following:  If  a  suspension  of  the  L-L-start  dipeptide  is 
taxed  with  a  nearly  equimolecular  amount  of  chlorothiefomic  acid-p'nenyleste'r 
in  ice  cold,  triethylardne-containing  chloroform,  and  the  mixture  is  shaken, 
thsc  a  considerable  portion  of  the  used  start  dipeptide  will  immediately  dis¬ 
solve  through  self-heating  of  the  mixture*  From  the  solution  a  colorless 
product  ("primary  conversion  product")  is  isolated;  if  the  benzene-pyridine  , 
solution  of  this  substance  is  warmed  (90°C),  then  a  gradual  liberation  of  a  . 
substance  of  high  molecular  weight  takas  place,  which,  according  to  it3 
properties  and  analytical  data  represents  the  gamaa-poly-L-glutamic  acid- 
alpha-aethylester  (Hc}« 

Since  the  labile  "primary  conversion  product,"  which  probably  is  non- 
homogsneous,  has  not  been  wholly  defined  as  yet,  we  have  started  further  ex¬ 
aminations,  in  order  to  clarify  the  foregoing  reactions,  and  which  shall  be 
discussed  later.  For  the  time  being  it  should  be  noted  that  the  whole  pro¬ 
cedure  is  much  more  complicated.  Mixed  anhydrides  of  the  type  XXXI  namely 
cannot  be  isolated,  since  they  shift  to  carboxylic  acid-hydrides  (XXXIII) 
immediately  following  formation.  It  is  assumed  that  this  shift  is  connected 
with  diepro portioning,  which  progresses  in  accordance  with  the  equation 
XXXI — >XXXIII  /  2X217:  (sea  formula  on  page  220). 

It  should  be  possible  to  immediately  intercept  the  heretofore  unknown 
anhydride  XXXIV  whose  capability  for  existence  seems  very  questionable,  by 
means  of  amino  groups,  whereby,-  in  addition  to  carbon  dioxyde  and  thiophenol, 
there  should  fora  an  N-carbothiophenyl  derivative  (type  XXIX).  It  has  been 
discussed  elsewhere  (24),  just  what  conceptions  can  be  arrived  at  regarding 
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the  coapoaition  of  the  "primary  conversion  product"  and  about  the  mechanism 

•  of  its  conversion  to  polyester  (Ha). 

y 

Supplennntally  to  the  aforementioned  four  methods  it  should  be  repeated 
that  Waley  (14)  has  effected  the  synthesis  of  the  L-L-start  dipeptide  (la), 

.  independently.  He  has  also  accomplished  a  poly-autocondensation  of  the  L-L- 
;  start  dipeptide  to  gaasa-poly-L-glutaai c  a cid*alpha-methyle st er  (Ila),  and 
this  by  means  of  t etra-et hylpyropho sphite ,  i.e.  with  a  method  first  used  by 
Anderson  et  al  (2*5)  is.  peptide  synthesis.  It  should  be  noted  that  the  gamma- 
'  -  poiy-L-glutamlc  acid  (HXa)  obtained  by  Waley  (14)  by  saponification  of  the 

-  polyester,  contains  0.6%  bound  phosphorus.  We  have  duplicated  the  process 
exactly,  and  found  it  less  satisfactory  than  methods  1-4.  It  should  further 

-  be  noted  that  Waley  to  date  has  hot  reported  on  the  synthesis  of  the  D-D-start 

A  * 

-  dipeptide  (lb)  end  the  L-D-etart  dipeptids,  nor  on  their  poly-autocondensation. 
Comparative  degradation  of  the  synthetic  gamma-poly-L-glutamic  acid- 

alpha-methylester. 

•  '■  In  order  to  obtain  a  corresponding  comparison  with  AFP  and  SPP  esteri- 
;;  fled  with  methanol,  garaaa-poly -L-glntaai c  acid-alpha-methylester  (Ha),  pro- 

,  duced  by  the  eeoond  method,  was  converted  with  liquid  anmonia  to  the 
corresponding  polyamide  (Hax  R  equals  NH2  instead  of  R  equals  OCH3),  then 
v.  subjected  to  Hofmann's  degradation  and  immediately. hydrolyzed  with  hydro¬ 
chloric  acid.  From  the  hydrolysate  beta-formyl  propionic  add  was  isolated 
:  in  the  form  of  its  p-nitropheaylhydrazone;  whereas  alpha  ganana-diamino  butyric 
acid,  the  degradation  product  (8,9)  characteristic  of  the  alpha-glutamyl  bond, 
could  not  be  demonstrated.  As  is  known  (7),  the  identical  degradation  of  the 
polymethylester  produced  from  APP  and  SPP  resulted  in  the  same  conclusion, 
i&ich  has  been  considered  as  proof  of  the  predominance  of  gamma-glutamyl  bonds. 
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Production  of  gaaaa-poly-glutamic  acids  from  the  corresponding 

polyesters. 

It  has  been  mentioned  that,  in  order  to  obtain  free  polyacids,  the 
variously  produced  polyesters  were  subjected  to  alkaline  saponification,  and 
the  polyacids  were  isolated  via  their  difficultly  soluble  copper(H)salt.  ■ 

One  must  take  into  account  that  during  these  operations  final  carboxyl  and 
amino  groups  may  be  liberated,  which  should  occur  in  blocked  form  in  the 
synthetic  polyester  (for  example  XVI,  XXX,  XXX),  but  a  regeneration  of  amino 
groups  which  possibly  combined  with  guanidine  groups  (type  XXVili)  during  the  ' 

•  course  of  the  third  method  can  hardly  be  expected. 

The  stereo-isomeric  ganna-po ly-glutasd e  acids  obtained  in  the  above 
manner,  i.e,  gamm-poly-L-glwtamic  add  (Ilia),  ganma-poly-D-glutamic  add 
(Hlb)  and  me  sold  gamma-poly-glutaaic  acid  (Hie),  represent  snow  v&ite  pro¬ 
ducts  resembling  down,  which  are  easily  soluble  in  water;  they  do  not  show  a 

■  -i 

biuret  reaction,-  and  their  ninhydrin  reaction  is  only  very  weakly  positive  in 
comparison  to  gamma-L-glutaayl-L-glutami c  acid  (for  quantitative  data  see  the 
test  chapter).  All  of  these  properties  are  equally  applicable  to.  APP  and  SPP. 

The  question  presents  itself  here,  whether  the  alkaline  saponification  of 
gamma-poly-glutamic  acid-alpha-methylester  might  not  be  accompanied  by  an 
intramolecular,  partial  alpha— gamma  transpeptidi  nation.  Battersby  and 
Robinson  (26)  namely  have  found  that  alkaline  saponification  of  the  ethylester 
of  N-acatyl-diglycyl-alpha-L-glutanyl-glycine-hcxylamida  (partial  formula: 

XXXV)  is  connected  with  a  far-reaching  alpha— ^usma  transpsptidization  (and 
couplets  racedsation),  so  that  a  mixture  of  structure-isomeric  peptide  xxxvil 
and  XXXVIII  is  produced,  in  which  the  derivative  with  a  gamma-glutamyl  bond 
even  predominates.  This  process  may  be  explained  thus:  A  2: 6-dikatcpiporidine 
derivative  (XXXVI)  is  produced  by  means  of  transitional  cyclization,  which,  as 


secondary  acid  amide,  undergoes  a  hydrolytic  ring  cleavage  (xnvH<f—XXXVI—^ 
XXXH1X1)  (see  formula  on  page  221).  In  this  connection  it  should  be  noted 
that  intramolecular  transpeptidization  of  structure-isomeric  glutqmyl  peptides 
.  (<7P«  EQWH  and  ZXXVHI)  with  a  free  carboxyl  group  has  been  effected  in  our 
institute  previously  (27),  althougi  by  means  of  a  different  method,  and  this 
•  iii  both  directions  (alpha^gamma) .  Thereby  the  intermediate  cyclic  compounds 
■.'(type  XXXVI)  were  obtained  in  crystalline  form  and  their  bi-directional  hydro- 
.lytic  ring  opsnihg  (nryllf-mn^EOmi)  (under  the  effects  of  diluted 
lye)  was  proved  beyond  a  doubt  (28). 

Since,  according  to  our  experience  (28),  this  transpeptidization  always' 
produces  a  mixture  in  which  the  gamma-glutamyl  compound  (XXT/II)  exceeds  the 
'  alpha-glutamyl  compound  (XXimi)  by  approximately  tenfold,  it  will  not  be 
necessary  to  anticipate  an  extensive  gamma— ^alpha  transpeptidization  upon 
,  saponification  of  gamma-poly-glutaai  c  acid-alpha -methyls  st  er .  Moreover,  the 
gamma— ialpha  transpeptidisation  is  made  more  difficult  here  by  the  fact  that 
:  during  the  approach  of  the  enterified  carboxyl  group  of  a  ganma-glutanyl 
residue  (iDCVJLI,  COOCH^  instead  of  COOH)  to  the  respective  nitrogen  atom,  two 
long  chains  (S  and  Q)  met .  co-vr.brate.  Conversely,  one  can  anticipate  that 
-upon  alkaline  saponification  of  an  alpha— poly— glutamic  acid— gamma— ester 
(partial  formula  XXXV)  the  necessary  chain  vibration  will  occur  more  easily 
and  for  this  reason  an  alpha— *gaaaa  transpeptidization  will  take  place  more 
effortlessly. 

In  full  accord  with  these  conclusions,  Volcani  (29)  has  found  that  an 
enzyme  isolated  by  him,  which  specifically  splits  gamma-L-glutanyl  bonds, 
degrades  our  synthetic  gansa-poly-L-glutamic  acid  (Ufa)  up  to  95#  to  L-- 
glutamic  acid.  This  may  be  taken  as  proof  of  a  very  low  percentage  of  alpha- 
glutamyl  bonds  in  this  synthetic  product,  and  also  as  proof  that  no  important 
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racemization  has  taken  place  during  the  course  of  the  synthesis. 

Moreover,  the  optical  purity  of  some  of  our  end  products  was  tested  by . ' 
complete  hydrolysis  with  hydrochloric  acid;  the  specific  rotatory  power  of  the 
resultant  glutamic  acid  was  only  slightly  lower  them  that  of  optically  pure 
L  or  D-gLutamic  acid.  These  tests  must  be  repeated  on  a  larger  scale  and 
extended  to  all  end  products.  It  should  be  mentioned  here  that  gamma-poly-L- 

glutamic  acid  (Ilia)  obtained  by  the  second  method  showed  the  specific  rotatory- 
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power  of  lalpha j Ij-  equals  -23.8°  in  water,  while  the  specific  rotatory  power 
of  its  natural  antipode  (iHb),  i.e.  of  APP,  measures  jjilphai^  equals  /23.5°' 
This  excellent  agreement  could  hardly  be  considered  a  strict  proof  of  the 
optical  purity  of  the  synthetic  product,  since  the  specific  rotatory  power 
depends  on  the  molecular  weight  of  the  polyacid;  an  ironclad  determination  of 
molecular  weight  has  not  yet  been  accomplished,  however  (see  below) . 

As  in  all  syntheses  of  materials  of  high  molecular  weight,  polydisperse 
products  were  formed.  It  was  stressed  that  preparations  of  higher  mean  mole¬ 
cular  weight  should  be  removed  from  the  mixtures  by  means  of  constant  dialysis 
—  unless  this  decreses  the  yield  —  if  they  can  no  longer  be  partitioned 
paper  chroma  to  graphically  (phenol-water)  and  remain  immovable  at  tne  starting  . 
point.  Dependable  determinations  of  the  molecular  weight  of  our  products  are 
still  lacking;  for  the  time  being  their  average  molecular  weight  ha3  been  con¬ 
cluded  from  their  amino  nitrogen  values  (van  Slyke),  just  as  this  had  been  done 
previously  with  APP  and  SPP.  The  amino  nitrogen  values  of  our  synthetic  end  ’ 
products  fluctuate  (depending  on  the  extent  of  the  dialysis,  which  had  to  be 
curtailed  in  some  cases  due  to  shortage  of  materials)  between  0.16  and  1.5% 

(in  connection  with  the  mesoid  polyacid  (me)  only  a  preparation  with  the 
amino  nitrogen  value  of  2.9%  could  be  obtained  so  far,  due  to  shortage  of 
materials),  while  the  amino  nitrogen  values  of  APP  and  SPP  preparations 
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obtained  by  the  original  isolation  method  (1)  showed  a  fairly  constant 
0.18-0.20^.  Due  to  the  splitting  of  the  N-terminal  gamma-glutamyl  bona, 
which  has  been  observed  (30)  in  connection  with  van  Slyke’s  method  —  at 
least  in  the  case  of  oligopeptides  the  average  molecular  weights,  which 
are  measured  by  amino  nitrogen  values,  are  probably  distorted  to  unreality 
toward  the  lower  values.  The  extent  of  this  distortion  is  shown  elsewhere 
(24) .  Nevertheless  the  ratio  of  their  average  molecular  weight  may  be 
„  approximated  from' the  amino  nitrogen  values  of  natural  polyglutamic  acids 
obtained  by  the  original  method  (1),—  provided  van  Slyke’s  determination  is 
effected  on  all  samples  under  exactly  identical  test  conditions.  This  com-  ■ 
parative  evaluation  of  relative  molecular  weight  is  admissible  with  the 
natural  products,  because  they  are  practically  homodisperse.  On  the  other 
hand,  this  comparison  is  hardly  valid  in  dealing  with  the  polydisperse  syn¬ 
thetic  products  (unless  it  be  a  comparison  of  one  with  the  other,  or  with  APP 
or  SPP),  especially  since  the  average  molecular  weight  has  no  real  value 
without  knowledge  of  the  quantitative  distribution  of  the  individual  conpon- 
ents.  However,  if  the  possibility  of  presence  of  cyclopeptides  is  ignored, 
then  it  may  be  assumed,  without  committing  a  gross  error,  that,  for  example, 
a  synthetic  polydi sparse  gamoa-poly-glntamic  acid  with  an  amino  nitrogen 
value  of  0-555  (calculated  molecular  weight  2800)  may  contain  components  Those 
molecular  weight  reaches  that  of  the  natural  product  (amino  nitrogen  value 
0.255,  calculated  molecular  weight  7000).  In  this  connection  it  is  to  be 
assumed  that  the  real  molecular  weight  may  amount  to  six  times  the  value 
which  was  computed  from  the  amino,  nitrogen  contents  by  means  of  van  Slyke’s 
method  (24).  . 

In  the  near  future  we  plan  to  make  an  ironclad  determination  of  the 


average  molecular  weight  by  ne&hs  of  other  methods.  At  present,  tests  with 
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larger  amounts  of  starting  material  are  under  way.  whose  first  goal  is  the 
production  of  gaama-poly-glutamic  acids  of  much  higher  molecular  Weight  and 
a  closer  approach  to  homodispersity. 

As  long  as  the  tests  with  larger  starting  amounts  are  incomplete,  a  final 
decision  cannot  be  made  on  the  most  reliable  method  of  synthesis  among  the 
four  mentioned  above,  since  this  evaluation  is  interdependent  on  the  molecular 
weight,  the  yield  (computed  from  the  start  dipeptide)  and  the  assured  means 
of  production.  Moreover,  the  optical  purity  of  all  end  products  must  be 
tested  on  larger  amounts  of  the  substances.  Judging  by  test  results  to  date,  . 
which  are  summarized  in  Table  2,  the  first  method  with  utilization  of  chloro-  ' 
formic  acid-i-propyleeter  seems  to  be  the  most  favorable  (yield  9.b£  of  the 
theoretical  yield,  applied  to  the  start  dipeptide;  amino  nitrogen  after  van 
Slyke  0.&£). 

Serologic  comparison  of  the  isomeric  gamma-poly-glutamic  acids  with 

APP  and  SPP,  respectively.  ’  • 

Prof.  Ivanovics  (Microbiological  Institute  of  Szeged  University)  has 
subjected  the  synthetic,  stereo-isomeric  gamma-poly-gLutamic  acid3  to  serologic 
tests  and  has  examined  polyglutamic  acids  of  other  types  in  the  same  manner, 
which  also  were  synthesized  in  our  institute.  Professor  Ivanovics  himself 
reports  on  these  tests  in  detail  (see  appendix).  In  this  connection  it  s.iould . 
be  stressed  that  solutions  of  gaam-poly-D-glutaai c  acid  (just  as  solutions  of 
APP  and  SPP)  diluted  up  to  10^  showed  a  precipitating  reaction  in  antianthrax 

•  v 

immune  sera,  while  this  reaction  did  not  occur  with  gamma-poly-L-glutamic  acid. 
Simultaneously,  the  polydispsrsity  of  the  synthetic  products  was  proved  by 
means  of  serologic  tests  after  Ouchterlony  (31)* 

It  remained  to  be  determined  that  all  properties  of  the  synthetic  gamma- 
poly-D-glutamic  acid  correspond  to  those  of  anthrax  polypeptide.  On  these 


grounds  and  the  results  of  previous  degradation  tests  (?)  it  may  now  be 
affS.rosd  that  the  anthrax  polypeptide  is  to  be  considered  as  being  gamma-poly- 
D-glutamie  acid  (illb).  By  the  synthesis  of  this  polyglutamic  acid  the  total 
.synthesis  .of  a  natural  hapten  has  been  accomplished  for  the  first  time. 

In  regard  to  the  constitution  of  the  subtilis  polypeptide  it  must  still 
be  decided  whether  we  are  dealing  here  with  a  mixture  of  ganma-poly-B-glutamic 
acid  (nib)  and  gamoa-poly-L-glutami c  acid  (Hla),  or  whether  glutamic  acid 
components  of  opposed  configuration  my  occur  in  association  in  one  polypeptide 
chain.  According  to  observations  made  by  Prof.  Ivanovics  the  mescid  gamma- 
poly-glutandc  add  (Hie)  also  showed  a  positive  serologic  reaction.  Conse-  - 
quently,  the  possibility  of  associated  occurrence  of  D  and  L-glutamic  acid 
components  in  the  peptide  chains  of  SPP  cannot  be  ruled  out  a  priori. 

Finally  it  should  be  stressed  that  only  gansna-poly-D-glutamic  acid  and 
nesoid  gamma-poly-glutami c  add  showed  a  positive  serologic  reaction  while 
heretofore  tested  poly-glutamic  acids  of  different  constitution  have  proved  to 
be  inactive  serologically. 

Description  of  tests. 

Synthesis  of  the  start  dipeptide  (i)  and  its  carboxyl-activated  derivatives, 
(a)  Synthesis  of  the  L-L-start  dipeptide  (la)  and  its  derivatives. 

L-L-start  dipeptide j  ganma-L-glutamyl-L-glutamic  acid-alpha  alpha* - 
dimethylester  (la).  The  synthesis  of  these  compounds  has  already  been  des¬ 
cribed  by  us  (12),  and  independently  by  Waley  (14).  Differing  observations 
•were  pointed  out  in  the  theoretical  part. 

Carboben*oxy-gaama-L-glutaByl-L-glutamic  acid-alpha  alpha* -dimethylesvor  • 
(XU;  L-L-fora).  See  our  previous  paper  (12).  Melting  point  109-110°C. 

|  alpha] ^ equals  -23.3  (c  equals  11.3;  methanol). 
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Carbobcnzoxy-gaama-L-glutamyl-gamna  •  -L-glutanyithiophenol-alpha  alpha.  * «. 
dimethylester  (XVHI;  L-L-fora).  An  ice  cooled  and  atirred  solution  of  3*49  g 
of  carbobenzoxy-L-L-atart  dipeptide  (XU)  in  20  ml  of  absolute  tetrahydrofurane 
was  first  mixed  with  1.12  ml  of  absolute  triethylamine,  then,  within  15  minutes, 
a  mixture  of  C.?7  ml  of  chloroforoic  acid  athyleater  and  2  ml  of  absolute 
tetrahydro fhrance  was  added  drop  by  drop.  After  an  additional  15  minutes  a 
solution  of  0.87  ml  of  thiophenol  in  3  ml  of  absolute  tetrahydrofurane  wa3 
added  drop  by  drop  (within  30  -minutes)  to  the  mixture,  which  was  permeated 
with  crystals  of  separated  triethyl  ammonium  chloride}  the  mixture  was  stirred 
for  another  hour  at  room  temperature  and  then  allowed  to  stand  for  14  hours.  ' 
Now  the  mixture  was  dried  under  reduced  preesure  (bath  at  25°C),  the  residue 
then  washed  on  the  filter,  first  with  a  total  of  140  ml  of  water,  then, 
following  suction  drying,  with  20  ml  of  petrolether,  arxi  finally  stored  over¬ 
night  in  the  vacuum  exsiccator  over  ^  paraffin.  This  crude  product 
(3*6  g)  was  initially  recrystallized  from  60  ml  of  a  mixture  of  equal  parts  of 
benzol  and  petrolether  (melting  point  124-126°C) .  Following  one-time  re¬ 
crystallization  of  this  product,  2.73  g  (64.6^  of  the  theoretical  yield)  of  an 
analytically  pure  substance  with  a  melting  point  of  134-135°C  was  obtained. 


equals  -9.6°  (c  equals  4*0;  tetrahydrofurane).. 


C26H30  08  N2S  (530.6)  . 


Reported:  C  58.85,  H  5.7,  N  5.3,  CH3O  11.7 
w  Found:  C  59.0,  E  5*7,  N  5.7,  GH3Q  11.9 


Hydrobromide  of  the  ^aaa-L-glutamyl-gainna'-L-glutamyl-thiophenol-aipha 
alpha*-dimethyle8ter  (XIXj  L-L-fora).  3.5  g  of  the  pure  L-L-thiophenylester 
XV.TII  was  Issolved  in  35  ml  of  absolute  glacial  acetic  acid-hydrogen  bromide 
(10/S  HBr) ,  the  solution  was  allowed  to  stand  for  1  hour,  then  mixed  by  stirring 
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with  100  ml  of  absolute  other,  whereby  the  hydrobroad.de  XIX  separated  as  a 
sticky  product*  Following  pouring  off  the  fluid,  the  product  was  treated 
three  tines  with  100  ml  of  absolute  ether  each,  causing  it  to  turn  into  a 
powder.*  This  was  washed  twice  more  with  50  ml  of  absolute  ether  each 
(suspension,  pouring  off),  then  dried  in  the  vacuum  exsiccator  over  sulfuric 
acid  (3.0  g).  The  product  is  very  hygroscopic,  attempts  at  crystallization 
were  unsuccessful. 

*  .(b)-  Synthesis  of 'the  D-D-start  dipeptide  (lb)  audits  derivatives. 

Carbobeuzoxy-D-glutaaic  acid-gaana-hydrazide  (IV;  D-Form).  The  compound 

!  (  * 

‘  was  produced  in  the  same  manner  as  the  corresponding  derivative  of  L-glntamic  • 

.  acid  (12).  First  the  hydrochloride  of  D-glutamic  acid-gamma-methyle3ter 

•  (30  gj  melting  point  156-158°Cj  jjtlphaj  -p  equals  -24.2°(c  equals  9.35;  water) 
was  obtained  from  D-glutamic  acid-hydrochloride  (52  g),  then  28  g  of  the 

.  ester-hydrochloride  yielded  carbobenzoxy-B-glutamic  acid-gamma-methylester, 
which  was  mixed  with  hydra zinhydrate  while  still  in  its  crude  form.  The 
initially  resulting  ,  crystalline  carbobenzoxy-B-glutamic  acid-gamma-hydrazide 
(27  g;  of  the  theoretical  yield)  melted  at  168-169°C  (decomposition)  and 
was  suited  for  further  treatment.  After  one-time  recrystallization  from 
aqueous  alcohol  (1:2)  an  analytically  pure  product  was  obtained  which  melted 
at  1?7-178°C. j  alphaj-p  equals  /ll.5°  («  equals  10.75;  n-hydro chloric  acid). 
c13  H17  05  N3  (295.3) 

Reported:  C  52.9,  H  5.8,  H  14.2 
Founis  C  52.3,  H  5.85,N  14.1 

D-glutamic  acid-gamna-bflr.zylestor  (VI;  D-Form) .  By  use  of  the  method 
described  in  the  production  of  L-stereo-i, somers  (12),  22  g  of  D-glutamic  acid 
yielded  13.8  g  (39/S  of  the  theoretical  yield)  of  D-glutamic  acid-gamaa-benzyl- 
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ester  with  a  melting  point  of  16?-168°C,  which  had  been  recrystallized  once 
from  water  and  which  was  suited  for  further  treatment.  The  melting  point  re-  , 


sained  constant  after  several  re crystallizations 
(c  equals  9.8;  n-hydro chloric  acid). 

H15  04  N  (237.25) 

Reported:  C  60.8,  H  6.3,  N  5.9 
Found:  C  c0.65,H  6,2,  H  6.1 


.jjUphajj 


equals  -23.1° 


Carbobenzoxy-^unma-D-giutamyl-D-gLutamic  acid-gamma* -benzylester  (VII; 
B-D-Form) .  Produced  in  an  analogous  manner  to  the  stereo-isomeric  Ir-L-product 
(12)  from  23*7  g  of  carbobenzoxy-D-glutaaic  acid-gamma-hydrazide  (IV)  with  a 
melting  point  of  168-169°C  and  18.9  g  of  D-glutamic  acid-gamma-benzylester  (VI). 
The  yield  of  directly  resulting  crystalline  product  was  21,4  g  (6l£  of  the 
theoretical  yield,  upon  deduction  of  the  unchanged  benzylester,  2.2  g). 

Melting  point:  Drawn  153-159%  after  sintering  138°.  although  the  product 
is  rendered  impure  by  the  structure-isomeric  compound  H  (sec  the  general  part 
and  elsewhere  (12),  further  treatment  was  nevertheless  continued..  For  the 
purpose  of  analysis  a  sample  (2  g)  was  re  crystallised  cnee  from  alcohol  (10  ml). 
Melting  point  160-l62°C,  after  sintering  156°.  jjalphaj^"7 equals  /6.?°  .(  c  equals 
4.7?  methanol). 

%  H2a  09  N2  (500.5) 

Reported:  C  60.0,  H  5.6,  E  5,6 
Found:  C  59.6,  H  5.7,  M  5.6 


Carbobenzoxy-gamca-D-glutamyl-D-glutaaic  acid-alpha  alpha '-dimothyl- 
gainaa* -benzylester  (VIH;  D-D-Form).  7  g  of  carbobsnzoxy-gamma-D-glutaoyl-D- 
glutawic  add-gamoa-benzylester  (VH)  with  a  melting  point  of  153->159°C  (see 
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^  Reified  5~  5,  (67.7^  theoretical  yield)  of  substance  TUX  with  a 
^H-  -'■ ■  Jfr  \c  3l64I7°&wh«L  subjected  to  the  method  used  m  the  production 

1'  ^  ri, .  P^--V&  ^rJf"£ov%  (12)j  it  was  treated  further.  A  sea llsasole  was  recrystallizeu 

**  Melting  »oint  H9-12aV.  jalphaj  3  equal«,#.3° 
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-  .Reported:  C.6ld3£,:-H  6.1p  CH~0  11.7 
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'  'Found*  .  G  6U7,'  H  6.i,,CHaO  lied' 
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Previous  data  (12)  on  the  specific  rotatory  value  of  the  LrL-anoipode 


fr'-V*#*3^  b«  revised,  on  the  basis  of  new  c Patrol  determinations  to 
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5-y  -7.1®  {c  equals  5.5*  acetic  ester). 
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-  «'  D-D-start  dipeptidej  gaBffia-r-^.utasyl--D-glutamic  acid-alpha  alpha*-  ' 

■  diaiethyleater  (2b).  *  g  of  the  above  product  (VIH)  with  a  melting  point  of 
,;.7v  yielded^.!  g  (&!$  of  the  theoretical  yield)  of  the  D-D-start.  di-  , 

■£*.  poptide  ->Ib)  ty  means,  ox  th©  method  described  in  connection  with  the  production 

;.  -t  .  "7- :  --'  '-  -  .  ^  -  \  - 

. Silwstart  dipeptido,  (le>)  (!?,)•  The  directly  resulting  crystalline 

product,  washod  first  with  methanol*->eUrer,  then  with  etbar,  melted  upon  sinter— 

1  C  \  *  - 

-  *^g  £n&  rapid  beating  at  129— 130°C«  The  product  contains  1  mole  of  crystal 

>  -,  '  ^ter.  j^alphaj  equals  j^3«3°  (c  equals  4.86;  methanol).  Previous  data  (12) 

..  ,oa  *dt®  specific  rotatory  value  of  the  I>-L-antipode  must  be  revised  on  the  basis 

;  ^;-qf  new  control  datennimtions  to falpha]^0 equals  -3.2°  (c:aquaU  4.72;  methanol). 

■;  ’  '  :  C12  H20  07  .  £322.3}  ,  ::  ;  - 

'  e. 

;  ■  /  Heportedj;  C  .44.7,  H  N  8.7,  ^0  19.2'  , 

-  ,  j  v  ;  Found:  C  45.2,  H  6.75,S  8.6,  CH^O  19.2' 


of  the  D-D-start  dipeptide  (lb).  0.3  g  each  of  product  VII  (D-D-form)  with  ■ 
a  melting  point  of  16G-162°C  a«i  its  methylated  derivative  (VIH;  D-D-form); ; 
with  a  melting  point  of  119-120°C  were  hydrogenolysed  (Pd-animal  charcoal,  ' 
1($  Pd)  in  80%  acetic  acid  (25  ml).  The  filtrate  was  boiled  down  tinder  re— 
duced  pressure  and  the  two  residues,  along  with  0.3  g  of  the  D-D-start  di-  ’ "  < -  • 
peptide  (lb)  with  a  melting  point  of  129-130°C  were  dissolved  in  50  ml  of  water 
each,  o.ol  ml  of  each  of  these  solutions  was  chromatographed.  Solvent: 

Acetic  acid-n-butanol-water  l:4*5j  ascending  chromatography  on  Kacherey-Nagel 
paper  #518;  development  with  ninhydrin.  Substance  VH  yielded  two  slightly 
fused  spots,  distinguisljable  by  their  differing  intensity,  Rf  equals  0.21-0.24, 
which  points  to  the  presence  of  gamma— D—glutanyl—D— glutamic  acid  and  alpha— D— 
glutamy 1-D-glutamL c  acid.  Substance  VIII  showed  a  very  intensely  colored  spot 
of  the  gamna—D— glutamyl— D-glutaad. c  acid-alpha  alpha* -dimethylester  (R^  equals 
0.50),  and  a  much  smaller  and  only  very  wekly  colored  spot  of  the  alpha-D- 
glutanyl-D-gLutamic  acid-gamma  alpha* -disethylester  (Rf  equals  0.34).  In 
connection  with  substance  lb  the  spot  Rj»  equals  0.50  is  very  intensely  colored, 
iddl®  the  considerably  smaller  spot  Rf  equals  0.34  barely  reached  the  border 
of  sensitivity  (about  0.2  gamma)  of  the  ninhydrin  reaction  of  the  alpha-D- 
glutanyl-D-glutamic  acid-gamma  alpha ‘-dimethylester  (XI).'  Consequently  this 
impurity  in  the  D-D-start  dipeptide  (lb)  with  a  melting  point  of  129-130°C 
amounts  to  less  than  0.5/S. 

Car bob enzoxy— gamma— D— glutamyl— D-glutami c  acid— alpha  alpha’— dimethylester 
(XII;  D-D-form).  By  utilization  of  the  method  used  in  carboxyiatlott  of  the 
L-L-oUrt  dipeptide,  2.65  g  of  the  D-D-start  dipeptide  (lb)  yielded  1.68  g 
(1*7%  of  the  theoretical  yield)  of  its-  carbobenzoxy  derivative  (XII)  in  an  ana- 

r  ~\lo 

lytically  pure  etate.  Melting  point  109-110°C.j  alpha]  j)  equals  /28.3  (c  equals 
9.8;  methanol).. 


.■*  * * 


(^bobenzo^-ganm-D-glutainyl-gain^  ‘-D-glutaj^l-thiophenol-alpha  alpha 1  - 

Vfc 

dimethylester  (XVIII;  D-D-form) .  With  the  method  used  for  production  of  the 
•  aterec-iaomeric  L-L-conpound  (XVIII j  L-L-fora),  1.54  g  of  the  carbobenzoxy-D- 
B-starfc  dipeptide  produced  1.15  g  (61.7$  of  the  theoretical  yield)  of  the  D-D- 
j.conpound  (XVIII)  in  an  analytically  pure  state.  Melting  point  133-135°C. 

Hydrobromide  of  the  gamcaa-D-glutanyl-gamma  *  -B-glutamyl-thiophenol-alpha 
alpha*-dimethylester  (XIX;  D-D-form).  From  1.1  g  of  the  D-D-thiophenyiester 
XVm3  utilizing 'the  production  method  of  the  hydrobromide  XIX  (L-L-fora),  the 
crude  D-B-hydrobrond.de  (XIX)  was  obtained  in  form  of  a  hygroscopic  powder  of 
nearly  qiantitative  yield. 

'  (c)  Synthesis  of  the  L-D-start  dipeptide  and  its  derivatives. 

All  steps  were  in  imitation  of  the  synthesis  of  the  L-L-start  dipeptide 
and  its  derivatives.  In  the  following,  only  the  amounts  of  material,  yield, 
method  of  crystallization ,  analysis  data  and  physical  constants  are  given. 

Carbobenzoxy-gamca-L-glutanyl-B-glutaBiic  acid-gamma* -benzylester  (VII; 
L-D-form).  From  11.3  g  IV  (L-fora)  and  7.7  g  VI  (D-fora)  3  g  (47$  of  the 
theoretical  yield)  of  the  crude  product.  Once  recrystallized  from  180  ml  of 
acetic  ester-ether  (1:1)  5.24  g,  from  the  mother  liquor  an  additional  2.2  g 
melting  point  135-137°C.  Once  more  recrystallized  from  acetic  ester:  Melting 
point  -1-“°  8TialS  M» 

‘  025*2*09*2  (500-5) 

Reported:  C  60.0,  H  5.6,  N  5.6  ' 

Found:  C  60.1;  H  5.5,  N  5.3 


Carbobenzc^r-ganma-L-glutaqyl-D-glutamic  acid-alpha  alpha ’-dimethyl-gamma* 
benzyls ster.  (VIH;  L-D-fora).  .  From  7.4  g  VII  (L-D-form)  4.1  g  (52$  of  the 
theoretical  yield)  VIH-  (1-D-form)  with  a  melting  point  of  104-107°C.  Re- 
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crystallized  from  absolute  acetic  ester  (12  ml)  3*15  g  with  a  melting  point  -  ., 
of  107-103. 5°C.  j^alpha] p  equals  /0.95°  (c  equals  11.5;  acetone).  .  , 

C27  H32  °9  N2  (523.5)  - 

Reported:-  C  61.35,  H  6.1,  N  5.3,  CH^O  11.7  .  > 

'  Found:  '  C  61.6,  H  6.3,  N  5*3,  CHqO  12.0 


'  L-D-start  dipeptide;  gamaa-L-glutamyl-D-glutamic  acid-alpha  alpha*-  ‘  •- 
dimethylester  (Ic).  From  3*1  g  Vm  (L-D-form)  1.2  g  (66%  of  the  theoretical  - 
yield)  of  L-D-start  dipeptide  once  recrystallized  from  methanol  (7  ml).  :  -  7 
Halting  point  H3-W“o.[  alpha)  ^uala  /38.6“  (o  a^als  5.55  .  ; 

'  %0  0,  %  (304.3) 

.  Beported:  N  9.2,  CH^O  20.4  "'* 

'  Found:  N  9.4,  CH3O  20.3 

The  chromatographic  examination  of  the  product's  uniformity  was  conducted 
as  in  the  case  of  the  D-D-start  dipeptide  and  furnished  the  same  result. 


Carbobenzoxy-ganma-L-glutaoyl-D-glutami c  acid-alpha  alpha* -dimethylester 
(HI;  L-D-form).  From  1  g  L-D-start  dipeptide  (Ic)  0.5  g  (35^  of  the  theoreti¬ 
cal  yield)  of  the  crystalline  crude  product;  from  4  ml  of  absolute  acetic  ester- 
ether  (1:1)  twice  recrystallized  0.35  g  with  a  melting  point  of  136~137°C. 
£alpha  ^equals  /4»3°  (c  equals  8i2;  methanol). 

C20  H26  O9  N2  (438.4) 

Reported:.  C  54-8,  H  6.0,  N  6.4 
Found:  C  55.0,  R  6.1,  N  6.7 


torbobenzoxy-gamma-L-glutaoyl-gamaa  *  -D-glutamyl-thiophenol-alpba  alpha '  - 
dimethylester  (XVIII;  L-D-form).  First,  an  oil  permeated  with  crystals 


lx. 


■  ^resulted  from  3  g  of  the  carbobehzoxy-L-B-start  dipeptide  (XIIj  L-D-form) 

-  4  *  *  *  «  '  .  ,  < 

subjected  to  the  process  used  in  the  production  of  the  stereo-isomeric  L-L- 
'J  ";.;,- compound  (XVIH;  L-L-form) .  This  oil  was  dissolved  in  acetic  ester,  and  the 
soiution  first  shaken  in  water  in  order  to  remove  the  triethyl  ammonium 
4 ;  .  chloride,  then  dried  (N^SO^)  and  finally  condensed  under  reduced  pressure. 

;-.Vv  The  .resultant  oily  residue  crystallized  slowly  upon  trituriation  with  absolute 
V  -  ether. ,  The  crystalline  product  was  first  recrystallized  once  from  absolute 
>methanol-ether  (1:4),  then  once  from  absolute  methanol.  The  product  (0.65  g; 

£  V'17.9  of  the  theoretical  yield),  melted  spottilv  at  97-100°C,  after  sintering 
-at  94°.*  Due  to  shortage  of  materials  further  purification  was  omitted.  . 

•  \  ,  -  HydrobrcmLde  of  the  gamtna-L“glutaoyl-gamma  *  -D-glutamyl-t hiophenol-alpha 

alpha* -dimethylester  (XU;  L-B-form) .  By  use  of  the  method  for  production  of 

<  ,  *  * 

hydrobrond.de  XIX  (L-L-form),  0.62  g  of  L-D-thiophenylester  XVIII  yielded  crude 

•  L-D-hydrobrond.de  (XIX) .  in  the  form  of  a  hygroscopic  powder  in  a  nearly  quanti- 
L  tative  yield. 

Conversion  of  the  stereo-isomeric  start  dipeptide  (i)  and  its  derivatives 

v  *  * 

;  /  to  gamna-poly-glutamic  acid-alpha-methylester  of  the  respective  configuration. 

*  '  • 

Pirst  method,  (a)  .  Production  of  L-polyester  (Ha  or  XVI)  from  the 

carbobansoxy-L-L-3tart  dipeptide  (XHj .  L-L-form) .  In  a  double— necked  flask 
-  a  solution  of  1.46  g  of  carbobensoxy-gamma-L-glutamyl-L-glutamic  add-alpha 
alpha*-dimethyle3ter  (XI  I;  L-L-form)  in  3  ml  of  the  purest,  waterless 
dimethyl  foraiamide,  under  exclusion  of  moisture,  by  ice  cooling  and  stirring, 
was  mixed  first  with  0.47  nl  of  absolute  triethylaxnine,  then  drop  by  drop  with 
a  mixture  of  0.32  ml  chloroformic  acid  ethylester  and  2  mi  dimethyl  formamide. 
Stirring  was  continued  for  10  more  minutes.  Then  the  solution  which  was  per¬ 
meated  with  the  crystals  of  separated  triethyl  ammonium  chloride,  was  mixed 
with  0,5;  g  of  Pd-animal  charcoal  (1C$  Pd)j  ono  neck  was  stopped  with  a  gas 
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lead-in  tube  reaching  the  bottom  of  the  flask;  the  other  was  connected  with  a 
wash  bottle  filled  with  concentrated  sulfuric  acid  and  equipped  with  GeissierVs;: 
potash  apparatus  of  known  weight.  Now  a  slow  current  of  hydrogen  (1  bubbleper' 
second)  was  allowed  to  pass  through  the  mixture  under  constant  ice  cooling..  V 
It  could  be  determined  by  temporary  interruption  of  the  hydrogen  supply  and  ' 
weighing  of  the  potash  apparatus  that  within  5  hours  about  1  mole  (0.15  g)  of.:, 
OO2  had  escaped.  Since 'the  yield  of  C02  had  not  ceased  at  this  stage;  the 
treatment  was  continued.  After  an  additional  2|  hours  the  escape  of  C02  was  -  . 
practically  completed  and  anointed  to  a  total  of  I.36  mole  (0.20  g).  Now  the  ■ 
mixture  was  centrifuged;'  the  sediment  washed  once  by  soaking  in  3  ml  dimethyl- 
formand.de  and  subsequent  centrifugation.  The  unified  solution,  after  addition 
of  0.47  ml  of  triethyl  ami  ne,  was  allowed  to  stand  for  3  hours  at  room  tempera¬ 
ture,  then:  warmed  ;to  60°C  for  one  hour  and  finally  boiled  down  (bath  80°C)  in 
;a  vacuum- (20  ma)y  whereby  , a  -viscous  brown  oil  was  obtained.  This  was  thoroughly 


trituriated  &  timeslh  4Qml  of  absolute  ether  each,  then  stored  in  a  vacuum 


exsiccator  over  sulfuric  acid.  The  resultant  product,  which  was  greyish  due  \ 

■*.  *  *  «■  ~  -  ”  -  '  •  - 

to  the  adhering  catalyst',  weighed  177  mg(18.6£  of  the  theoretical  yield  when  - 
applied  to  the  carbobenzoxy-L-L-start  dipeptide,  about  9*3%  if  applied  to  the 
.  L-L-start  dipeptide).  The  crude  product  (polyester  1— a)  was  treated  further 
without  purification.  '  .  ■ 

(b)  Production  of  the  L-polyester  (Ha)  directly  from  the  L-L-start 
dipeptide  (la).  By  means  of  chloroformic  acid  ethylester.  A  solution  of  2.0  g 
of  the  L-L-start  dipeptide  (la)  in  11  ml  of  dimethyl  formamide  was  first  mixed 
by  stirring  and  cooling  (-4°C)  with  0.87  ml  of  triethylamine,  then  drop  by  drop 


with  a  mixture  of  0.53  ml  of  chloroformic  acid  ethylester  and  3  ml  of  dimethyl 


formamide.  Stirring  was  continued  for  another  15  minutes,  then  the  precipitated 
triethyl  ammonium  chloride  was  quickly  filtered  by  suction  and  washed  twice 


E 


with.  2  ml  of  dimethyl  formamide  each  time.  The  wash  fluid  was  united  with  the 
filtrate  and  compressed  to  about  4  ml.  in  a  high  vacuum  (bath  0°C) .  This  solu¬ 
tion  was  mixed  with  0.87  ml  of  triethylamine  and  warmed  to  40-60°C  for  8  hours, 
then  allowed  to  stand  overnight,  whereby  a  slight,  crystalline  separation  took, 
place.  Ignoring  the  latter,  the  mixture  was  boiled  down  completely  in  a 
vacuum  (bath  80°C)‘,  the  residue  was  dissolved  in  5  ml  of  methanol,  evaporated 
once  more  under  reduced  pressure  and  the  last  process  was  repeated.  The  re¬ 
sulting  reddish-brown,  viscous  oil  (2.7  g)  was  dissolved  in  15  mi  of  water,  the 
solution  was  dialysed  (cellophane)  for  46  hours  against  a  total  of  2  1  of  dis¬ 
tilled  water  (in  four  parts),  then  subjected  to  freeze'  drying  and  the  solid 
polyester  stored  for  24  hours  in  the  vacuum  exsiccator  over  P2O5.  The  sand- 
colored,  amorphous  product  (polyester  1-b)  weighed  a  total  of  688  mg  (38. 8£  of 
the  theoretical  yield);  it  was  treated  further  without  purification. 

S'&voj>On .  .  ■  ■ 

:/•  ' '  Reported:  •  CH3O  21.7- • 

*  r  f  • ,  ’  *  *  » 

Found;  *  CH3O  22.0  ' 

.  By  means  of  chloroforaic  acid-i-propylester.  A  solution  of  2.0  g  of  the. 
L-L-start  dipeptide  in'  12  ml  of.  absolute  dimethyl  formanri.de  was  mixed  with 
3  ml  of  absolute  toluol  and.  compressed  to  about  6  ml  in  a  vacuum  (8  mm;  bath 
50°C),  then  the  partly  precipitated  substance  was  dissolved  again  by  addition 
of  6  ml  of  dimethyl  formamide  and  mild  warming.  The  solution  was  mixed  first 
with  0.87  ml  of  triethylamine,  then,  accompanied  by  strong  cooling  (bath  -10°C) 
stirred  drop  by  drop  with  a  mixture  of  0.72  ml  of  chloroformic  acid-i-propyl- 
ester  and  2  ml  of  dimethyl  foriaamide.  Stirring  and  cooling  continued  for 
another  20  minutes,  then  triethylamine  (0.87  ml)  was  added  and  gradually 
brought  to  room  temperature .  Now  the  solution,  permeated  with  crystals  (.tri- 
ethyl  ammonium  chloride)  was  warmed  to  50°C  for  3  hours,  then  to  70°C  for  one 


y  i->jr  y  ■ 
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hour  and  then  boiled  down  in  a  vacuum  (10  mm).  The  residue  was  trituriated 
with  30  ml  of  absolute  ether  and  the  mixture  stored  overnight  in  the  refrigera¬ 
tor.  After  pouring  off  the  ether,  the  viscous  product,  permeated  with  crystals, 
was  absorbed  in  20  ml  of  methanol,  the  mixture  was  vigorously  boiled  down  in  a 
vacuum,  and  this  process  repeated  once  more.  The  residue  wa3  dissolved  in  25  .. 
ml  of  distilled  water,  the  solution  first  dialysed  (cellophane)  against  3%  1. . 
of  distilled  water  (in  4  parts)  for  72  hours,  then  frozen  dry.  The  sand- 
colored,  amorphous  product  (polyester  l-b‘)  weighed  773  mg  (43.5^  of  the  theo¬ 
retical  yield)*  •  .  -  ' 

fc6 h,  o3 [3*3.14] 

Reported:  CH^O  21*7 

“  *  *  A 

Found:  .  CH^O  21,0 


Second  method.  gamma-L-glutamic  add-alpha-uethylester  (Ila,  or  XXI). 

To  a  solution  of  3  g  of  crude  hydrobromide  XIX  (L-L-form)  in  3  ml  of  absolute 
acetone  1.8  ml  of  absolute  triethylamine  was  added  under  exclusion  of  moisture 
and  the  solution  allowed  to  stand  for  24  hours.  Ignoring  the  crystalline 
separation  (txiethyl  ammonium  bromide),  the  major  part  of  the  fluid  was  dis¬ 
tilled  off  by  means  of  a  heat  bath  (100°C),  then  the  oily  residue  was  warmed 
for  3  hours  at  100°C  under  exclusion  of  moisture.  After  cooling,  the  viscous 
residue  wa3  covered  with  150  ml  of  absolute  ether  and  stored  in  the  refrigera¬ 
tor  for  12  hour 8.  This  caused  the  product  to  harden  to  such  a  degree  that  it 
could  be  trituriated  (under  ether)  to  a  fine  powder.  This  was  centrifuged, 
then  washed  in  the  centrifuge  3  times  with  70  ml  of  ether  each,  3  time3  with 
30  ml  of  water  each,  3  times  with  50  ml  of  acetone  each,  and  finally  twice  with 
50  ml  of  absolute  ether  each.  The  nearly  colorless  product  thus  obtained 
(L-polyester  2)  was  dried  first  by  air,  then  in  the  vacuum  exsiccator  over  P** O5. 
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Yield  AbO  mg  (21.2$  of  the  theoretical  yield  applied  to  carbobenzoxylated 
thiophenylester  XVIII,  about  6.8$  applied  to  the  L-L-start  dipeptide). 

I ,  CC&  «9  °3  Cl  »  . 

.  , '  Reported:  C  50.4,  H  6.3,  N  9.8,  CH30  21.7 

;  Found;  C  49.6,  H  5.7,  N  9.6,  CH30  21.9 

4*.  i.  '  ~ 

gamma-poly-D-glutamic  aeid-alpha-methylester  (lib,  or  XXI).  The  crude 
hydrobrondde  XIX  (D-D-form)  obtained  from  1.1  g  Of  carbobenzoxy-gamma-D-glutanyl- 
gamna 1  -D-glutamylthiopheno  1-alpha  alpha :  •  -dimethylester  (XVIII j  D-D-forw)  was 
converted  by  means  of  the  aforementioned  method.  The  product  thus  obtained 
(D-polyester  2)  weighed  139  mg  (23.4$  of  the  theoretical  yield  applied  to 
carbobenzoxylated  thiophenylester  XVIII,  about  7.2$  applied  to  the  D-D-start 
dipeptide). 

mesoid  gamma-poly-glutamic  acid-alpha-mathyle3ter  (He,  or  XXI).  The 

crude  hydrobromide  XIX  (L-D-form)  obtained  from  620  mg  of  carbobenzoxy-gamaa- 

L-glutamyl-gamm '-D-glutamylthiophenol-alpha  alpha* -dimethylester  (XVIII)  was 

converted  in  tile  aforementioned  sanner.  The  product  thus  obtained  (L-D-poly- 

ester  2)  weighed  220  mg  (65 .8$  of  the  theoretical  yield  applied  to  carbobenzoxy- 
•  • 
dated  thiophenylester  XVUI,'  4*1$  applied  to  the  L-D-start  dipeptide). 


Third  method.  gaama-poly-3>-glutamic  acid-alpha-methylester  (Ha).  2.3  g 
(0.11  mole)  of  freshly  distilled  dicyclchexylcarbo diind.de  was  dissolved  in  a 
solution  of  3*2  g  (0.1  mole)  of  the  L-L-start  dipeptide  (la)  in  6.5  ml  of  di¬ 
methyl  fozaamide.  A  strong  self-heating  followed,  and  about  10  minutes  later 
separation  of  dicyclohexylurea  coamencsd.  The  reaction  mixture  was  heated 
under  exclusion  of  moisture  for  4  hours  in  a  boiling  water  bath,  then  cooled 
off.  The  dicyclohexylurea  (1.7  g)  was  filtered  off  by  suction  and  washed  on 

.  30  -• 


the  filter  with  ice  cold  dimethyl  formamide.  The  united  filtrate  wc.3  evapo¬ 
rated  under  reduced  pressure  (20  mmj  bath  90°C),  the  viscous  residue  was 
digested  repeatedly  with  a  total  of  200  ml  of  absolute  ether  until  it  crumbled 
into  a  powder.  The  product  thus  obtained  (2.4  g)  represents  a  mixture  of  the  .> 
amorphous  polyester  (L-po3yester  3)  and  crystalline  dicydohexylurea  (retained 
amount  calculated  at  0.8  g).  Held  of  polyester  about  1.6  g  (56.3#  of  the 
theoretical  yield).  Since  the  urea  derivative  could  not  be  completely  removed, 
the  mixture  was  directly  utilized  for  production  of  gaiana-poly-L-glutamic  add. 

gamma-poly-D-glufcamic  acid-alpha-methylester  (lib).  1.35  g  of  the  D-D- 
start  dipeptide  (lb)  yielded,  by  the  aforementioned  method,  1.3  g  of  a  powdery, 
product,  which  represents  &  mixture  of  the  amorphous  polyester  (D-poluester  3) 
and  crystalline  dicydohexylurea  (about  0.5  g)..  Held  of  polyester  about  0.8  g 
(66.755  of  the  theoretical  yeild).  The  product  was  utilized  directly  for  the 
production  of  gamaa-poly-D-glutamic  acid. 

Fourth  method.  gansna-poly-L-glutamic  acid-alpha-methylester  (Xla).  An 
ice  cooled  suspension  of  3-22  g  (0.01  mole)  of  the  L-L-start  dipeptide  (la)  in 
15  ml  of  absolute  chloroform  was  first  mixed  with  1.39  ml  (0.01  mole)  of  tii- 
ethylamine,  then  drop  by  drop  by  shaking  with  1.45  ml  (0.01  mole)  of  cbloro- 
formic  add— thiophenylester.  A  considerable  part  of  the  converted  substance 
dissolved  immediately  by  self -heating.  The  mixture  was  shaken  by  machine  for 
4  hours  in  a  closed  container,  the  unreacted  start  dipeptide  (0.55  g)  filtered 
out,  the  filtrate  shaken  twice  in  water,  once  in  diluted  hydrochloric  acid, 
twice  more  in  water,  then  dried  with  and  finally  boiled  down  at  room 

temperature  under  reduced  pressure.  There  remained  a  yellowish,  viscous  oil 
which  was  turned  into  powder  by  repeated  tiituriation  with  ether.  This  "pri¬ 
mary  conversion  product,"  weighing  1.3  g,  could  not  be  crystallized.  It  was 


^converted  directly  to  the  polyester. 

;  The  “primary  conversion  product"  (1.3  g)  was  dissolved  in  a  mixture  of 
,4  ml  of  absolute  pyridine  and  16  ml  of  absolute  benaol.  Within  a  few  minutes 
a  slight  turbidness  was  noted.  The  mixture  was  heated  in  a  bath  of  90°C  under 
exclusion  of  moisture,  whereby  the  separation  of  the  substance  progressed  and 
the  major  portion  of  the  product  adhered  to  the  walls  o‘f  the  flask  as  a  filmj 
the  solution,  .turned  a  dirty  yellow.  After  60  hours  the  separation  of  the  pro¬ 
duct  was  practically  collated.  The  substance  was  isolated  in  the  centrifuge, 
washed  several  times  with  absolute  acetone  and  then  with  absolute  ether,  and 
finally  dried  in  the  vacuum  exsiccator  over  sulfuric  acid.  The  polyester  thu3 
obtained  (L-polyester  4)  represents  a  lightly  sand-colored, .  aa»rphou3  powder. 
Yield  610  mg  (25, 7$  of  the  theoretical  yield  applied  to  thu  L-L-start  dipeptide, 
'loss  the  part  that  was  not  converted)  c.  For  the  purpose  of  analysis,  a  sample 
was.  dissolved  in  methanol,  precipitated  with  ether,  centrifuged,  and  dried  in 
the  vacuum  pistol  over  first,  at  room  temperature,  then  at  78°C. 

Reported!  .  0  50.4,  H  6.3,  N  9.8,  CHjO  21.7 

Found:  C  49.5,  H  6.1,  N  9.9,  CH^O  21.0 

Degradation  of  gamma-poly-L-glutami c  acid-alpha-metbylester  for  the  pur¬ 
pose  of  constitutional  determination.  100  mg  of  the  polyester  obtained  by  the 
second  method  (L-polyester  2)  in  10  ml  of  liquid  ammonia  was  allowed  to  stand 
in  a  bomb  tube  for  72  hours  at  room  temperature;  during  this  time  the  substance 
dissolved  almost  completely.  After  the  ammonia  had  escaped  from  the  opened  tube 
the  solid  residue  was  washed  in  the  centrifugal  tube  twice  with  50  ml.  of  water 
each,  twice  with  a  homogenous  mixture  of  alcohol  and  ether,  and  finally  three 
times  with  30  ml  of  absolute  ether  each.  The  white,  amorphous  polyamide  (Ilaj 


B  equals  NH2  instead  of  OCH^),  dried  first  by  air,  then  in  the  vacuum  exsiccator , 
over  P2OJ,  weighed  62  mg  ( 69.3 %  of  the  theoretical  yield).  A  small  sample  for  .  ■ 
analysis  was  dried  for  5  hours  more  in  the  pistol  over  PgOj  at  S0°C. .  .  ,  ‘  ■ 


Reported:  N  21.8 
Found:  N  20.6 


It  should  be  mentioned  that  the  polyamide  produced  in  the  same  manner 
from  SPP  via  the  methylester  contained  the  same  amount  of  nitrogen  (20,o;£)(32) . 

50  mg  of  the  polyamide  was  treated  with  0.98  ml  of  2.68#  alkaline  sodium 
hypochlorite  with  frequent  rotation,  first  for  one  hour  at  room  temperature, 
then  15  minutes  at  60°C,  whereby  the  substance  dissolved  almost  completely. 

After  addition  of  10  ml  of  6n-hydro  chloric  acid  the  eolation  was  boiled  with 
reflux  for  30  minutes  and  then  evaporated  under  redi’ced  pressure.  The  residue 
was  dissolved  twice  in  2  ml  of  water  each,  and  the  solution  boiled  down  under 
reduced  pressure.  The  residue  thus  obtained  was  mixed  with  1  ml  of  a  freshly 
produced  solution  of  p-nitrophenylhydrazine  in  n-hydro chlori c  acid,  which  had 
been  saturated  at  room  temperature.  The  mixture  was  dipped  for  a  few  seconds 
into  a  bath  of  70°C  and  allowed  to  stand  for  15  minutes  under  ice  cooling.  The 
beta-formylpropionic  acid-p-nitrophexylhydrazine,  which  had  separated  in 
crystalline  form,  was  filtered  off  by  suction,  washed  on  the  filter  twice  with 
1  ml  of  ice  cold  water  each  and  finally  dried  in  the  vacuum  exsiccator.  It 
weighed  20  mg  and  melted  at  172°C,  A  single  reczystallization  from  1  ml  of 
water  produced  an  analytically  pure  product,  which  melted  at  177°C  in  agreement 
with  the  literature  (33)  and  did  not  show  a  depression  in  a  mixture  test  with 
an  authentic  preparation  with  a  melting  point  of  177°C. 

30  mg  of  the  polyamide  was  treated  with  sodium  hypo ohlorite  in  the  afore¬ 
mentioned  manner,  and  the  solution  diluted  to  4  ml  with  water.  One  half  of  this 
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I ':Wt'  solution  was  u^ad  directly,  the  otnar  half  (control  test)  after  addition  of 

Ix^Ksi  13&  ?e^-r~x. Iys;  •  "*'j  .  ,  v  •  , 

•  ^  ga^'Siiaainobutyric  acid  for  proof  of  alpha  ganm-dian&iio- 

I'T^  '-'  •  which  is  characteristic  (8,10)  of  the  alpha-glutamyl  bond.  Each 

!'--  -i  ^  l-£p^  cftlutioa-vas  mixed  with  2  nl  of  iUming  hydrochloric  acid  and  boiled  with  reflux 

.  %<  .;  •■•■•'  /for  ^  hourfe*  The  cooled  off  solution  was  extended  in  tbs  apparatus  with  ether 

^  \  .£\ r  ^~< „  -  -  . 

%  l  *  -».  K-J,  'V%  .  '  1,  ~  ' 

-I  ^ -v-'-"  ‘for  the  purpose  of  removal  of  beta-foraylpropionie  acid,  then  steamed  dry  under 
I  .-  reduced  presto*-*.-  The  residue  m  mixed  with  5  ml  of  ice  cold,  fuming  hydro- 

!■  A '-chloric  acid,  the  separated  Nad  filtered  off  and  the  filtrate  evaporated  under 
-  -  '-  .“  '-reduced  pressure.  This  treatment  of  the  residue  with  fuming  hydrochloric  acid 

5|  .  was  continued  until  separation  of  NaCl  ceased.  The  final  residue  of  both 

'  Jf  samples  was  dissolved  in  1  ml  of  water  each  and  0,01  ml  from  each  of  the  solu- 

I  -  ”  I’  <tions  subjected  to  paper  chromatography.  (Ascending  chromatography  on  Wfo. 

v?jj  - '  -  paper  #4j  solvent  n-buianol-gl&eial  acetic  acid-water  4^1:5;  development  with 

I.  ;  xiinhydrin).  -While  the  control  test  clearly  shows  the  spot  of  alpha  gamma- 

-=3  -  *'  "l  *  diandnobutyric  add  in  addition  to  the  spot  of  glutamic  acid,  the  original 

J  '  •  sample  failed 'to  produce  the. first  mentioned  spot. 

h|  —  _  - 

|  "  prodnotiea  of  gamisi^pvly-g^utajac  acids  (III)  of  different  cor. figuration 

I  ,  •'  from  Us®  corresponding  polyesfeero. 

,  if  Starting  ^-sntities  of  200-1600  mg  of  the  various  polyesters  were  heated 

|  I  with  &  50«*2O®§  esa3es3  of  0»25s«^OH  for  one  hour  ia  the  steam  bath,  then  the  - 

r|  solution  was  filtered,  if  rise-eeeary  (for  gxans?!®.  in  treating  th®  polyester 

3  obtained  by  the  fourth  seethed  for  the  purpose  of  removing  the  undissolved 

i 

<3 

]  |  dicycXohsxylnroa) ,  tbs*  the  copper  salt  of  the  polyacid  was  precipitated  at 

1  pH  6  (adjusted  with  hydrc-shlordc-  acid  or  soda  lye)  with  a  saturated  solution 

I  of  eopps? ( XI ) er*  1  fat-o  e  Ths  copper  salt  was  eeni-rilhgcd  and  washed  3-4  times  din 

__  _  |jj 

ggs*  the  cSstsifage  with  a  small  amount  of  ice  cold  water.  The  moist-  prosipitats 

1  w%«  di^solv^d  is  th$  just  Bdfficient  aaagat  of  0*1  e-HitJ-j  «s  a  rule  this 
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amounted  to  1  ml  per  10-15  ng  of  saturated  polyester.  This  solution  was 
saturated  with  hydrogen  sulfide*  the  excess  of  the  latter  removed  with  an  air;.  -  „ 
current,  the  precipitate  was  centrifuged  and  washed  twice  in  the  centrifuge  •  - 

with  a  snail  amount  of  water.  The  solution*  united  with  the  wash  watery  was .  .  . 
clarified  hy  filtration,  if  necessary,  then  dialyzed  against  distilled  water  V 
hy  means. of  a  cellophane  membrane  (dialyzing  hose).  Dialysis  was  carried  out 
until  the  chloride  reaction  disappeared}  the  total  quantity  of  exterior,  water, 
which  had  been  changed  8-12  times,  as  a  rule  amounted  to  12-15  ml  to  each  mg  >, 
of  started  polyester.  The  remaining  solution  was  compressed,  to  10-20  ml.  in  a 
vacuum  (bath  30°C),  then  ,  subjected  to  freeze  drying.  Copper(H) sulfide  which - 
might  have  been  carried  over  in  colloidal  form  coagulates  during  freeze  drying 
and  may  be  removed  completely  by  dissolving  the  residue  in  water,  filtration 
and  re-freezing. 

The  poly-glutamic  adds  thus'  obtained  represent  snow-white,  dowry  products, 
which  are  very  easily  soluble  in  water.  They  do  not  show  a  biuret  reaction  — 
in  agreement  with  >JPP  and  SPP  — ,  their  ninhydrin  reaction  is  only  weakly  posi¬ 
tive  —  in  comparison  with  gamma-L— glutanyl-L-glutemic  acid;  while  the  limit 
of  sensitivity  in  the  reaction  (tested  on  paper)  lies  at  about  0.2  gamma  with 
the  latter  substance,  the  synthetic  gamma-poly-glutamic  acids  show  a  limit  of 
about  10  gamma,  in  some  cases  as  high  as  20  gamma.  SPP  obtained  by  the  original 
method  (l)  has  a  sensitivity. limit  of  at  least  25  gamma.  Table  1  shows  &  few 
test  datej  it  should  be  noted  that  the  yields  do  not  apply  to  the  started  poly¬ 
ester  but  the  corresponding  start  dipeptide,  and  this  also  in  those  cases  where 
poly-condensation  was  carried  out  with  the  derivative  and  not  the  start  dipep¬ 
tide. 
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Prepared  product 


Table! 


Started  polyester  Obtained  gamma-poly-glu. 

Method  Amount  (mg)  Amount  (mg)  H2N-N  (%)  Yield  ($) 


(1)  gaana-poly-L-glu .  L-polyester  1-a 

176 

*  48. 

1.1 

(2)  gamaa-poly-L-glu.  L-polyester  1-b 

688 

89 

1.18 

7.1 

:(3)  gamma-poly-L-gLu.  L-polyester  l-b‘ ' 

762 

138 

0.61 

9.8 

(4)  gamma-poly-L-glu.  ,  L-polyester  2  - 

■3.00 

44 

1.50 

3.9 

..  *•  r 

(5)  ganana-poly-L-glu . .  L-polyester  3  ^  1600 

242 

0.49 

6.3 

(6)  gamma -poly-L-glu ..  ’  L-polyester  4 

252 

73 

0.32 

7.8 

(7)  gamma-poly-D-gln. .  D-polyester  2  / 

138 

86 

1.50 

5.4 

,  ,  •  * 

(0.82)* 

(4.4) 

(8)  gamma-poly-D-glu.  D-polyester  3  ^ 

900 

60 

0.16 

6.3 

(9)  mesoid  gamma- 

poly  gLu.,.  •'  L-D-polyester  2 

220 

70 

3.6 

1.3 

*  product  (7)  repeatedly  dialyzed,  **  product  (9)  repeatedly  dialyzed 

All  gamma-poly-glut ami c  acids  listed  in  table  1  show  a  considerable  poly- 
disperaity. This  was  demonstrable  not  only  with  the  serologically  active  poly 
acids  by  Jssans  of  Ouehterlany’s  test  method  (31)  (3ee  the  appended  report  by 
Ivanovics),  but  also  in  all  products  by  chromatographic  examination.  In  as¬ 
cending  chromatography  (solvent  phenol-water  7?3,  development  with  ninbydrin) 
we  obtained  strips  emanating  from  the  application  point  and  drawn  out  in  the 
direction  of  travel. .  by  further  fractional  dialysis  of  these  products  fractions 
were  dialyzed  out  whose  chromatograms  at  constant  running  time  (20  hours) 
showed  shorter  and  shorter  strips  (emanating  from  the  point  of  application) 
until  finally  the  chromatogram  of  the  undialyzed  residue  consisted  of  one 


single,  sharply  delineated  spot  at  the  point  of  application. 

Water  and  ash  constituents  are  quite  readily  bound  by  synthetic  gamma— 
poly-glutamic  acids,  as  they  are  by  APP  and  SPP.  This  has -two  consequences: 
Firstly,  entirely  ashless  preparations  can  hardly  be  obtained  by  purification  , 
by  means  of  ordinary  dialysis,  and  secondly,  the  bound  water  can  only  be  re- 
moved  sufficiently  fast  by  drying  in  the  high  vacuum  pistol  at  110-120°C;  ' 
however,  at  this  ’temperature  there  already  occurs  a  weak  decomposition,  as 
evidenced  by  slight  coloring  of  the  snow  white  product.  The  ash  contents  of 
our  preparations  fluctuated  between  <  0.01  and  l.§£.  Due  to  the  strong  ten- 
dency  to  bind  water  a  strict  control  of  the  end  product  by  aeans  of  elementary 
analysis  is  not  possible;  it  was  determined,  however,  that  the  products  re¬ 
sulting  from  freeze  drying  contain  (after  storage  for  24  hours  in  the  vacuum 

exsiccator  over  PjjO^)  almost  exactly  1  mole  of  bound  water  to  every  two  glu- 
-  .  •  * 
tamic  acid  residues.  Table  2  summarizes  a  few  data  of  the  elementary  analysis; 

the  drying  method’ is  shown  in  the  last  column. 

It  should  be  noted  here  that  Waley  (14)  furnishes  analytic  data  of  his 
synthetic  gamma-poly-L-glutamic  acid,  also  obtained  by  frees©  drying,  (C  40,9, 
H  5.9,  N  9.55),  which  correspond  to  1  mole  of  bound  water  to  every  glutamic 
acid  residue  (reported:  C  40.8,.  H  6,2,  N  9.5) •  We  did  not  observe  such  a 
combination  with  SPP  or  APP,  nor  with  our  synthetic  products;  however,  this 
was  found  to  be  the  case  in  synthetic  alpha  garmra-poly-glutamic  acid  (10). 

It  should  be  mentioned  further  that  the  low  content  of  methoxyl  in  some  pre- 
paprations,  which  points  to  incomplete  saponification  of  the  polyester,  does 
not  constitute  an  insurmountable  error  in  the  synthesis.  Due  to  the  small 
starting  quantities  with  which  we  had  to  cope  we  utilized  the  mildest  saponifi 
cation  method  possible,  in  order., to  prevent  possible  splitting  of  the  peptide 
chain. 
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Table  2 

- 

Production 
method  C 

(table  1}  t 

H 

?6 

N 

56 

Ash  Drying  method 

GHoO  (sulfate)  over  P2O5 
%  %  -  22  mm 

1  V '  Vv;:iLvjpmaa-»poly“L-glii.  ‘  '  * 

'  :-'v  * '  '>*•  "7* 

.  :  2  .; 

42.8 

5.4 

24  hrs  20°C  . 

4  *•■ 

44.8 

5.7 

10.2 

0.0 

0.0 

24  hrs  20°C 

'  '..i*  -  '  •'  " .  * 

5  hrs  110°C 

SS  -  "i  'f-C  ,  ,  " 

|  •  \  Vgamaa-poly-Ir-glu.  4' 

‘  .:  5  V  - 

.  44.2 

6.2 

10.2 

1.5 

2.2 

24  hrs  20°C 

V  '•*•••.'  ' 

-iT  , 

$  -  -  '  r  * 

' 

1  hr  100°C 

|  -  ;  gaimna-poIy»»L“glu. 

6  .  ' 

-  43.8 

6.2 

1.0 

1.2 

8  hrs  100°C 

J-  \  .  !'^h  gaanta-po^-D-gla.  -  •• 

-  7  r 

10.4 

24  hrs  20°C 

'J  '  ■**.-.  .  .  ■-  _  .  „ ,-, 

1  ...  gaona-pcly-D-glu . 

•  8 

'43.7 

6.1 

10.3 

1.2 

0.0 

24  hrs  20°0 

'*/*  _  •? '  ’  *  . 

43.8 

5.5 

10.1 

• 

0.0 

24  hrs  20°C 

t  ;N;2ep?rtecl:;  ... 

43.6 

•5.85  10.2 

1  •  W  ^^/ReportedvCCr^N)-^ 

•’  >.  '  *1: 

*  46.5 

5.5. 

10.8 

> 

APPENDIX 


Comparative  serologic  teats  of  synthetic  polyglutamic  acids  of 

different  constitution.  '  ' 

;  by  G.  Ivanovics 

Microbiological  Institute  of  Szeged  University 
By  means  of  repeated  intravenous  inoculation  of  rabbits  or  horses  with  ' 
encapsulated  anthrax  bacilli  killed  by  heat,  inxnune  sera  are  obtained,  which 
show  a  precipitating  reaction  with  solutions  of  natural  poly  glutamic  acids  up 
to  a  dilution  of  several  millions  (1,  2,  appendix).  By  natural  polyglutamic 
acid3  are  meant  the  polyglutamic  acids  isolated  from  anthrax  bacilli  (B. 
anthracis)  (anthrax-polypeptide)  and  the  polyglutamic  acid  obtained  from  the 
nutrient  of  other  aerobic,  mssophiUc  spor eb carers  (for  example,  B.  subtilis) 
(subiilis  polypeptide).  Both  polypeptides  demonstrate  the  properties  of  a 
hapten  (semi-antigen),  i.e.  their  parental  dispensation  is  not  followed  by 
formation  of  an  antibody  (2,3,  appendix). 

As  a  supplement  to  the  constitutional  discovery  of  the  anthrax- polypeptide  - 
and  subtilis-polypeptide  made  by  Bruckner  et  al,  synthetic  polyglutamic  acids 
of  various  constitution  were  tested  for  their  serologic  activity.  The  test 
was  accomplished  with  rabbit  and  horse  sera  containing  anti  cap  sular  ixamine 
bodiesj  a  subtilis-polypeptide  preparation  isolated  by  the  original  method 
(5,  appendix)  served  as  a  comparative  substance.  Test  results  are  listed  in 
Tables  1  and  2.  Table  1  contains  results  of  experiments  made  by  means  of  the  ’ 
ring  test  and  the  agar  diffusion  method.  These  data  show  that  a  horse  serum 
containing  anti  capsular  immune  bodies  is  precipitated  only  by  gamma-poly-D- 
glutamic  acid  and  the  mesoid  gamma-polyglutamic  acid.  Polyglutamic  acids  of 
different  constitution  remained  completely  inactive,  although  this  initial 
qualitative  test  was  carried  out  with  a  moderate  dilution  of  1:1000. 


It  should  be  noted  further  in  connection  with  the  data  of  these  tables  that 
amino  nitrogen  values  (ascertained  after  van  Slyke)  are  given  for  the  indi¬ 
vidual  preparations,  instead  of  their  average  molecular  weight. 


Table  1 


Constitution  of 
poly-glutamic  acid 

Method  of  synthesis  - 
(literature  data) 

Amino-N 
_  * 

Serologic  activity 

,(1)  gamaa-poly-D-glu. 

4  (method  2) 

.1.5 

/ 

(2)  gamma-poly-D-glu. 

< 

4  (xaethod  4) 

0.65 

/ 

(3)  mesoid  gamma-poly-glu 

4 

2.9 

/ 

(4)  gamoa-poly-L-glu.  • 

4 

0.36 

y 

(5)  alpha-poly-L-glu. 

6 

0.14 

mm 

(6)  alpha-poly-D-glu. 

‘  6 

0.12 

- 

(7)  alpha  gaaaa-poly-L-glu .  7 

0.36 

- 

(8)  alpha  gamma-poly-D-glu .  7 

0.43 

wm 

;  Qualitative  test  of  serologic  activity  of  polyglutamic  acids  of  different 

constitution  with  anti-anthrax  horse  insaune  sera.  Dilution  1(P. 

'  -  -  Table  2  _ 


Substance 


Utilized 
immune  serum 


Precipitation  Amount  of  antibody  precipi 
tlter(roillions)  tated  from  1  ml  serum  (ug) 


Subtilis-polypeptidb 

Habbit-P  " 

.  Rabbit  46  . 

Horse  971 

Horse~AS 

0.2 

2.5 

2.5 

.  3.0 

844 

1231 

945 

1790 

ganma-poly-D-glu . 

. Rabbi t-P 

no  precipitation 

Rabbit  46 

2.5 

819 

Horse  971 

2.5 

881 

■ 

Horse-AS 

_ J.-Q 

1740 

mesoid  g&men -poly-glu .  Horse-AS 


2.0 


1030 


.  1  t 


o 

o 


Table  2:  Quantitative,  comparative  test  of  serological  activity  of  gamma-poly-, 
D-glutamic  acid  (Table  1,  No.  1),  nesoid  gamm-poly-glutamic  acid  (Table  1,  •.  J}\ 
No.  3),  and  subtilis-polypeptide  (amino-N  0.20^).  ..*■ 

Table  2  shows  results. of  the  quantitative,  comparative  tests  of  serologic, 
activity  of  subtilis-polypeptide  isolated  by  the  original  method  (5,  appey  dix), 
of  gamma-poly-D-glutamic  acid  (Table  1,  No.  1)  and  of  the  mesoid  gamma-poly-  - 
glutamic  acid  (Table  1,  No.  3)*  It  appears  from  these  data  that  the  synthetic  , 
gamma-poly-D-glutamic  acid  precipitates  horse  immune  3era  in  as  high  &  dilution 
as  subtilis-polypeptidej  the  maximal  amounts  of  separated  antibody  are  also 
identical.  The  mesoid  gamma-poly-glutamic  acid  showed  a  slightly  weaker 
activity  in  horse  serum  than  gamma-poly-D-glutamic  acid.  In  rabbit  serum  k 6 
only  a  portion  of  its  antibody  content  was  precipitated  by  gamma-poly-D-glu¬ 
tamic  add.  Oddly  enough  rabbit  serum  P,  whose  precipitation  titer  was  fairly 
low,  as  determined  with  subtilis-polypeptide,  did  not  show  any  predpitating 
reaction  whatsoever  with  gamma-poly-D-glutamic  add.  The  fact  that  the  anti¬ 
body  of  this  immune  serum,  produced  15  years  ago  and  stored  since,  was  still 
able  to  react  spedfically  with  gamma-poly-D-glutamic  acid,  was  proved  by  its 
positive  inhibition  reaction.  In  determining  this  inhibition  reaction,  a  pre¬ 
dpitating  reaction  of  subtilis-polypeptide  and  rabbit  serum  P,  effected  under 
optimal  ratio  conditions,  served  as  a  basis.  This  reaction  was  neutralized 
completely  by  150  ^ig  of  gamma-poly-D-glutamic  add,  partially  by  30  }ig.  For 
the  sake  of  completeness  it'  should  bs  noted  here  that  none  of  the  poly-glutamic 
acids  marked  as  serologically  inactive  in  Table  1  had  any  effect  whatever  on 
the  predpitating  reaction  of  rabbit  serum  P  and  subtilis-polypeptide,  not 
even  in  the  amount  of  650  pg. 

Aforementioned  finer  differences  noted  between  the  serologic  action  of 
fAibtilis-polypeptide,  ^mma-poly-D-glutamic  add  and  mesoid  gamma-poly-glutamic 


“  acid,  may  be  caused  by  variations  in  average  molecular  weight  or  the  dispersity 
;v,  j  Of  these  polypeptides.  These  variations  are  easily  recognized  by  means  of 
,^.,'Ou^it erljony 1  s  agar  diffusion  method  (8,  appendix).  While  in  the  case  of  subti- 

r;  x  .  *  ' 

lis-polypeptide  there  occurred  a  less  than  1  nm  wide,  very  distinctly  marked 

_•  /*«  -  4  9  • 

•y?  * 

.  '■precipitation  zone  at  a  distance  of  3  mm  from  the  edge  of  t-he  bore  hole  con- 
~m\  taining  the  immune  serum,  the  turbidness  caused  by  precipitation  in  the  case 
"  njof  synthetic  gamma-poly-D-glutamic  acid  appeared  in  the  form  of  a  3  mm  wide, 

>•»  ■  "V  , 

inhomogeneous  stripe,  whose  edge  had  advanced  almost  to  the  edge  of  the  bore 

v  > 

!>vlhole  containing  the  innune  serum.  This  difference  indicates  that  subtilis- 
,  .  polypeptide  is  fairly  homodisperse,  while  synthetic  gamna-poly-D-glutandc  acid 
represents  a  strongly  polydisperse  mixture  whose  major  part  consists  of  com- 
ponents  having  a  lower  molecular  weight  than  the  major  components  of  subtilis- 
*  polypeptide.  This  difference  should  also  explain  the  variable  action  of 
subtilis-polypeptide  and  gamma-poly-D-glutamic  acid  in  respect  to  rabbit  serum 
.  .  P.  In  this  connection  earlier  observations  (9,10,  appendix)  should  be  brought 
-  -out  to  the  effect  that  anthrax  antibodies,  depending  on  rabbit  or  horse  passage, 

j  ‘  «  *  4  •  «„ 

;  '  may  react  differently,  even  though  their  specificity  is  identical. 

Experimental  results  summarized  in  Table  2  are  to  be  supplemented  by 
.  ,  conclusions  reached  in  testing  of  sera  which  had  been  absorbed  by  serologically 
.  active  polyglutamic  acids.  Tests  to  this  effect,  carried  out  with  horse  serum- 
AS,  resulted  in  the  following.  Table  -2  shows  that  synthetic  gamma-poly-D- 
glutamic  acid  precipitates  practically  the  same  amount  of  antibody  from  horse 
•  '•  serum  AS  as  subtilis-polypeptide  (1790  and  ../40  pg:  the  small  difference  can 
be  ascribed  to  a  test  error).  The  fluid,  obtained  after  centrifugation  of  the 
precipitate,  couid  not  be  brought  to  renew d  precipitation  either  by  addition 
of  subtilis-polypeptide  or  of  synthetic  gamma-poly-D-glutamic  acid.  Mesoid 

t 

gamma-poly-glutamic  acid  separated  only  1030  pg  of  antibody,  but  after  eentxi- 

1  -  '  ,  42 
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fugation  of  the  fluid  and  addition  of  25  fig  of  subtilis-polypeptide  an  addition¬ 
al  687  jig  of  antibody  was  precipitated,  so  that  the  total  amounted  to  1717  pg»  •  ' 
However,  once  the  antibody  had  been  precipitated  from  the.  horse  senna  by  the 
ms  sold  gamma-poly-glut  ami  c  acid  under  optimal  ratio  conditions  of  both  solutions, 
additional  mesoid  gamma-poly-glutamic  acid  did  not  cause  renewed  precipitation 
from  the  centrifuged  fluid.  • 

In  summing  up  it  nay  be  said  that  the  results  of  serologic  tests  are  in 
complete  agreement  with  those  of  chemical  experiments  oa  the  immune-specific, 
polypeptide-like  hapten  of  the  anthrax-subtilis  bacilli  group.  Moreover s  in 
our  opinion  these  test  results  demonstrate  a  very  interesting  example  of  immune- 
specificity.  It  is  clearly  evident  from  the  results  of  serologic  tests  that 
the  reaction  of  the  antieapsular  anthrax  antibody  is  structure-specific  in 
respect  to. the  constitution  of  polyglutamic  acids,  since  of  the  latter  only 
gamma-poly-gLutami c  acids  of  corresponding  configuration  show  serologic  activity, 
but  not  so  alpha  or  alpha  gamma-poly-glutami c  acid3.  Furthermore  this  reaction 
is  stereo-specific  to  a  degree  which  has  yet  to  be  discovered,  since  of  the 
gamma-poly-glutamic  acids  only  gamma-p oly-D-glutamic  acid  and  mesoid  gamma-poly- 
glutamic  acid  are  serologically  active,  while  ganma-poly-L-glutamlc  acid  shows 
no  serologic  activity.  Whether  or  not  the  weak  serologic  activity  of  mesoid 
gamma-poly-glutami c  acid  is  really  to  be  ascribed  to  its  own  constitution,  i.e. 
to  the  presence  of  5C#  of  gamma-L-glutamic  acid  residues,  must  be  reaffirmed 
by  additional  tests,  since  the  substance  tested  here  had  a  much  higher  content 
of  amino  nitrogen  (i.e.'  probably  a  much  lower  molecular  weight)  than  gamma- 


poly-D-glutamic  .acid. 


Methods. 


The  subtilis-polypeptide  used  for  comparison  was  isolated  in  accordance 
with  the  original  method  (5,  appendix). 


The  rabbit  immune  sera  were  prepared  by  Tomcsik’s  and  Ivanovics 1  method. 

Ons  of  these  (designation:  P)  had  been  produced  in  1940  and  stored  since  that 

time,  while  the  other  (46)  was  made  just  prior  to  the  start  of  the  experiments. 

.The  horse  immune  sera  were  prepared  by  tire  Institute  of  Vaccine  Production 

("Phylaxia”,  Budapest)  in  1940,  and  this  by  inoculation  of  horses  with  live, 

% 

**» 

avirulent,  encapsulating  anthrax  bacilli . 

In  order  to  determine  the  precipitation  titer,  dilution  series  according 
to  the  principle  of  double  dilution  were  prepared  from  the  solution  of  the 
substance  to  be  tested,  and  0.2  ml  each  of  these  samples  were  mixed  with  0.2 
ml  each  of  the  serum,  which  had  been  diluted  1:2.  Incubation:  48  hrs  at  4°G. 

The  serologic  inhibition  reactions  were  conducted  by  a  method  similar  to 
that  employed  in  determining  the  precipitation  titer.  Samples  of  subtilis- 
polypeptide  solution  diluted  to  the  degree  of  optimal  precipitation  vrere  mixed 
first  with  varying  amounts  of  polyglutamic  acids  to  be  tested,  then  with  the 
serum. 


The  quantitative  precipitation  tests  were  carried  out  as  follows:  In  a 
cooled  cantrifhgal  tube,  1  ml  of  serum  and  25  pg  of  the  substance  to  be  tested 
were  mixed  in  1  ml  of  solution,  the  mixture  was  stored  in  the  refrigerator  for 
48  hours,  then  the  precipitate  was  centrifuged  off  and  washed  twice  by  soaking 
in  5  ml  of  ice  cold  brine  each,  followed  '  -  repeated  centrifugation.  The  pre¬ 
cipitate  thus  obtained  was  decomposed  according  to  Cleghorn’s  and  Jendrassik’s 
method  (11,'  appendix)  and  its  nitrogen  content  was  ascertained  with  Messier’s 
reagent  by  means  of  three  parallel  determinations.  Product  nitrogen  jig  6.25 

was  designated  as  .the  quantity  of  precipitated  antibody. 

»  •  *+  „ 

The  diffusion  of  the  polypeptides  was  tested  by  Ouchterlony’s  method  (8, 
appendix)  in  agar  gel  prepared  from  buffered  brine  containing  l£  agar.  The 

.  '  *  *'  f  *  ’ 

edges  of  the  two  bore  holes  containing  the  serum  and  the  solution  of  the  sub* 
stance  to  bo  tested  were  9  am  apart. 

44' 


